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PREFACE. 



The extraordinary success which has 
attended the publication of the " Guide 
to Science" in the British dominions, 
America, and France, suggested to its 
author the probable acceptability of a 
series of lectures on Common Pheno- 
mena adapted especially to schools, the 
industrial classes, teachers, and the 
mothers of families. 

The first of this series is now pub- 
lished under the title of " Sound and 
its Phenomena." Great pains have been 
taken to preserve such simplicity of 
language and perspicacity of explana- 
tion as can alone commend the book 
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VUl PREFACE. 

to the numerous classes for whom it 
is designed. The second number, on 
" Heat and its Phenomena," is nearly 
complete ; and it is intended that the 
entire work should furnish a satisfac- 
tory scientific elucidation of every 
common phenomenon, whether of a. 
physical or chemical character. 

Any suggestions or observations 
which may be useful in the prosecu- 
tion of this design, sent to the pub- 
lishers under cover to the author, will 
be gratefully accepted and duly con- 
sidered. 
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SOUND 

AND ITS PHENOMENA. 



CHAPTER L 

THE CAUSE OF SOUND. 



Iktrobuction. 

Sound, its cause and its sensation. 

Sec. I. — Sounds produced bj vibrating bodies. 
-Bjr. — Bells f strings. 

Sec. II.— Sounds produced by bodies in motion 
ivhick do not vibrate. 

£x, — Whizzing of prqfectiles, humming of peg* 
tops, spring-ratHej stones hurled from a volcano. 

Sec. III. — Sounds produced by shocks given to the 
air by air. 

Ex. — Detonation of gunpowder, of fulminating 
powder^ of crackers ana sky-rockets^ thunder. 

Sec. IV. — Sounds of a compound character. 
§ 1. — Without resonance. 

i!x, — Crack of a whip, explcsicn of chesnuts, 
cracking of salt, report of a stone projected from 
thefire, 

B 
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§ 2. — ^With resonance. 

JEx. — Roar of a furnace, singing of a tea-hetUe, 
hum of a humming-top, moaning and whistling 
of wind before rain, report of a gun and cannon^ 
of a bursting gun or steam-boiler, of a bodkin- 
case, bladder, gas-burner, pop-gun, cork of a 
champoigne or ginger-beer bottie. 



INTRODUCTION. 

The science of acoustics * is a part of 
physics which embraces whatever per- 
tains to the cause, the nature, the sen- 
sation, the phenomena, and the laws of 
sound. It shows how it is produced 
and what physical changes take place 
in order to produce it. It explains 
how it is communicated to the air, 
how it is propagated through different 
media, and how the sensation is re- 
gistered on the organ of hearing. It 
treats of music so far forth as that 
science is connected with physics; 

* Acoustics, from the Greek dfrowrWuoj, or from the 
verb iuco^fiv, to hear. The science is sometimes di- 
vided into Diacoustics, or the transmission of sound 
through different media, and Catacoustics, or the 
phenomena of sound. 
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embraces in its range the mystery of 
echo ; anatomises the curious workman- 
ship of the ear ; pries into the mecha- 
nism of the voice; and explains how- 
buildings should be constructed so as 
to prevent the transmission of sounds 
into contiguous rooms, and so as best 
to favour the orator and the musician. 
The science of Acoustics forms a 
part of physics, because all bodies from 
which sound is proceeding experience 
at the time a physical disturbance 
wholly the result of physical force. 

PROP. I. SOUND AN EFFECT OF MOTION. 

1. A cvjp and saucer^ or a meial tray 
and snuffers^ left on a piano- 
forte while a person is playing, TiTuffCTf *^^ 
will jingle or ratde from the 
physical eflfects of the music. 

2. Sand strewed on a piano, or on 
the sounding-board of a violin, 

will be agitated immediately fg'uted 
a note is struck on these in- ^^ ""*'*'" 
struments. 

b2 
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3. Water contained in a glass will ex- 

hibit a trepidation^ or kindof 5^m- 
i^itSLi merinq. when a person touches 

by music. . , •*" t i • ^ • 

the rim and makes it ring. 

4. Every one must have occasionally 
Church remarked that the benches of a 
IhSkS^by church tremble from the deep 
"""*'• notes of an organ; and that a 
similar motion is not unfrequently pro- 
duced in a concert-room from the for- 
cible notes of a double-bass or of a 
kettle-drum. 

6. The raiding of windows when 
Rattiina carts pass by is a striking in- 
of wincTows. stance of the agitation produced 
by sound. This phenomenon is wholly 
due to the shock of sound-waves 
against the exterior surface of the 
windew-panes, and the impulse is, in 
some cases, sufficiently violent to make 
the glass ring and the frames tremble. 
When carts heavily laden roll along a 
street, or others of lighter freight pass 
with considerable velocity, the momen- 
tum of the sound-waves is frequently 
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SO great as to shake the solid edifico 
and make the chairs and tables tremble* 

6. In large cities of great traffic thq 
physical disturbance thus pro- 
duced on slimly- built houses is iound* in. 
no inconsiderable cause of their ^" **'*"**^ 
rapid decay. 

7. A peal of thunder and an ex- 
plosion of gunpowder produce an agi* 
tation still more perceptible. It may, 
therefore, justly be inferred ^^^^^ 
that sound and motion are iu|J^^f" 
some way connected ; and, since 
sounding-bodies produce this agitation 
only when they are giving forth sounds, 
we may conclude that sound is an 
effect of motion of some sort or another. 
The exact nature of this motion re* 
mains to be now investigated. 

PROP. II. THE MOTION WHICH PRODUCES 
SOUND IS ALWAYS VIBRATORY. 

8. This proposition will be by no 
means difficult to prove. A sound 
harp- string struck by the finger «*trin^' 
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will swing backwards' and forwards 
for a certain time, producing a sound 
as long as the vibrations continue, i 

9. Similarly, a pen, or piece of quill, 
Cry of or morsel of steel- wire, held 
•^""'- between the teeth, will utter a 
sound as often as the extreme end is 
inflected. 

10. By touching your teeth with 

one of the prongs of an excited 

Vibrations ^•/»i r»"i 

Ola tuning. tuninff-iorK, you may even feel 

fork felt. .^ M_ x» "^ ^ 

its Vibrations. 
In all these cases the motion of the 
sounding- body is manifestly a vibratory 
motion. Let us take another example. 

11. After having struck a large beU 
Vibrations OF glass, allow a pith-ballj at- 
Dfabeu. tached to a piece of cotton, to 
touch the sides in any point whatsoever, 
and mark how it will behave. It will 
first be violently repulsed, then fall 
back again by its own gravity, be again 
repulsed, and will again fall upon the 
sides of the bell or glass to experience 
another repulsion. 



w 
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12. We therefore conclude not only 
that motion is the cause of sound, sou„d n^. 
but that the nature of such JlgSlioM. 
motion is vibratory. 



PBOP. III. THE PRESENCE OF SOME ELAS- 
TIC MEDIUM ESSENTIAL TO RENDER 
SOUNDS AUDIBLE. 

13. If a bell properly isolated* be 
rung in the exhausted receiver Air«.entiai 
of an air-pump, no sound what-^'"^'''^' 
soevei' will transpire. Without doubt, 
therefore, the presence of air, or of 
some other elastic medium, is in this 
case essential to render the sound of 
the bell audible. What is true of the 
bell in the experiment referred to, is 
equally applicable to sounds in general ; 
there must always be some uninter- 
inipted vehicle, or series of vehicles, 
between the sounding body and the 
listening ear, in order to produce the 
gensation of sound. 

* The bell Is isolated by being placed on a cushion 
of wool or cotton. - 
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14. The nature of sound-waves may 

be understood by the following 

8o!inT° illustration : suppose A B to be 

''*''^ a harp-string. Let it be drawn 

c by the finger 

.,..---.. up to C. As 

A .^i^ ^~> n soon as it slips 

"*•-.,., from the finger 

'^^ " it will fly to D, 

on the opposite side of A B, then back 

towards C, and so on alternately till it 

becomes quiescent. 

First, suppose it to swing from C to D, 
it is evident that in this march it must 
displace all the air between these two 
extremes, propelling it in the same 
direction, and, by the action of the im- 
pulse, condensing it also. The air thus 
dislodged must communicate its motion 
and condensation to the adjacent portion 
of air, this latter to a third, the third 
to a fourth, and so on indefinitely; the 
effect being always transmitted from 
the nearer strata to those more remote, 
until it ceases altogether. 
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While this is going on, the string 
bounds back again from D towards C, 
and makes room in the void thud 
created for the condensed air to dilate. 
This dilation is followed successively 
by every portion of air previously con- 
densed, the result of which is a second 
series of ripples. In this way the air 
is condensed and expands alternately, 
producing a kind of tidal motion which 
circulates as far as the sound itself. 

15. Immediately these ripples reach 
the ear, they beat against the sensation 
tympanum, and communicate to ""^^'"^ 
it corresponding vibrations, which, 
being conveyed to the auditory nerve, 
produce the sensation of sound. 

16. While a string vibrates rapidly, 
the whole field throuojh which it 

, ^-^ T . Ha*e of 

passes seems enveloped m a j;^^;**|"8 
white haze or mist, due to the 
following cause: the impression made 
by the string upon the eye continues 
after the string has passed from one 
part of its field of motion to another ; 
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SO that the eye has not time to recover 
from one impression before another is 
produced. These several impressions 
coalescing fill the whole space, and pro- 
duce the opacity referred to. 

The spokes of a rapidly revolving 
Misty ap- wheel give a similar misty ap- 
^Yi^^x^i^^ pearance to the whole area of 
motion. ^|jg wheel. A charred stick, 
moved rapidly backwards and for- 
wards, produces the appearance some- 
times of a ribbon, sometimes of a circle 
of fire. 

17. All bodies may, by some mode 
of excitation, be made to produce 
sound, but there is a vast difference 
among them in the quality, intensity, 
and continuance thereof; those sub- 
stances being most sonorous, and sus- 
taining sound the longest time, which 
are most susceptible of vibration. 

18. The character of sound is chiefly 
Sounds determined by the form, mag- 
'"*""•• nitude, and density of the 
sounding-body, the method whereby it 
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is excited, and the comparative force 
of the power with which it is set in 
motion. 

19. Sound-waves are engendered in 
the air bv whatever gives it a c«aM»of 
sudden snock : as by the rapid *^'^' 
impulses of some vibrating body; by 
a solid substance rapidly and suddenly 
changing its place ; by the percussion 
of one stratum of air against another ; 
or by a combination of some two or 
more of these collisions. 

SEC. I. SOUND-WAVES PRODUCED BY THE 
AGENCY OF VIBRATING BODIES. 

20. When a bell is struck by its 
clapper a sound is produced, be- 
cause the blow disturbs the re- 
pose of the part struck. This distur- 
bance spreads rapidly throughout the 
entire bell, the walls of which flatten in 
one direction and elongate in another. 
Being elastic, the two parts bound 
back and fly to the opposite extremes ; 
so that the circumference of the bell 
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assumes an elliptical form, in which 
the longer and shorter axes alternately 
interchange.* As the flattened part 
elongates with a sudden impulse, it 
gives the air a shock, compresses it, and 
drives it away from the bell. A series 
of condensations are thus established, 
which propagate themselves from the 
portions of air adjacent to those more 
remote. In the mean time, the pro- 
truding part of the circumference 
flattens, the air which was previously 
condensed dilates^ and forms another 
series of motions of the same extent but 
of an opposite character to the former ; 
and these two series are renewed so 
long as the bell continues to sound. 

21. The sound-waves thus created 

^^^^ difliise themselves in concentric 

tpreadsin circlcs around the point of their 

birth, not unlike the ripples 

* Let the oval fiofurc 

A C B D be an ellipse; then 

B A B is its longer or major 

axis, and C D its shorter or 

minor axis. 




• 
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raade by a stone when it falls into 
tranquil water. 

22. The sounds which proceed from 
all stringed instruments of music, such 
as pianofortes, violins, violoncellos, 
guitars, and harps, are due to the 
agency of vibration ; those also of the 
Jews'-harp and musical snuff-box ; and 
those of all instruments which ring^ 
such as bells, musical glasses, tuning- 
forks, cymbals, and triangles. 

SEC. II. VIBRATIONS ENGENDERED IN 
THE AIR BY THE MOTION OF BODIES 
WHICH DO NOT THEMSELVES VIBRATE. 

23. The WHIZZING of a bullet, can- 
non-ball, or arrow, flying whi«ingof 
through the air, arises from ^''°^^'""- 
the inequalities of their several sur- 
faces; in consequence of which, they 
present to the air at equal intervals 
some protuberance or roughness first 
to one side and then to another. By 
these constant shocks the air is made to 
assume a vibratory motion; and as they 

c 
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succeed each other with great rapidity, 
making a new impression on the ear 
before the preceding one is effaced, the 
sound appears unbroken or continuous. 

24. The HUMMING of a peg-top arises 
Hum of a ^^^o froui thc inequalities of its 
peg-top. surface^ which, so long as the 
gyrations are very rapid, give the air 
a succession of little shocks sufficiently 
violent to create sound-waves in that 
subtile element. 

25. The noise of a spring-rattle is 

occasioned by shocks given to 
pring.ratte. ^j^^ air by thc elastic tongues 

of wood when they slip from the notch 
or tooth of the wheel which inflects 
them. The vibration of the tongues 
themselves, and of other parts of the 
machine, contribute a little to the 
sound, especially to its distinctive cha- 
racter, but is by no means of primary 
importance. 

26. A common hand-saw produces 
Grating & gratlug noisc.* 1st, because the 
of a saw. little film or body of air between 
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each two of the teeth is condensed and 
forced against the tooth struck; and 
2ndly, because the metal which com- 
poses the tooth is, by the act of sawing, 
thrown into a state of vibration. The 
sound is harsh and disagreeable^ because 

(1) the grain of the wood does not 
present equal resistance at every part ; 

(2) the motion of the arm in the act 
of sawing is unequal; and (3) the 
teeth are neither uniformly of one size, 
nor perfectly equidistant ; so that, tak- 
ing all the circumstances together, the 
impulses given to the air are without 
either measure, time, or rhythm. 

27. The KATTLiNG of CABTS ovcr 
stones is a phenomenon of pre- Rattling 
cisely analogous character. The *'^''"^- 
air is forced by the wheels against the 
stones struck; and the stones being 
neither level, equidistant, uniform in 
shape, nor exactly of the same size and 
quality, give rise to a confused medley 
of sounds, loud, rattling, and unmu- 
sical. 

c2 
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28. The report of a stone projected 
Stone fyom ^^oui a VOLCANO seems to those 
a volcano. ^^ g^ distance^ like the roar of 
artillery, but to those close to the 
mountain it seems to be no louder than 
a deep sigh. Because when a person 
stands at the foot of a long sounding 
column, like that produced by the up- 
ward rush of a stone hurled from a 
volcano, the noise reaches his ear in 
detail; whereas, at a distance, the sound- 
rays of the whole column fall upon his 
ear with a succession sufficiently rapid 
to produce the impression of a single 
sound. 

All the sound-rays which arrive within the 
space of one-twelfth of a second combine to pro- 
duce a single impression. 

SEC. III. SOUND PRODUCED BY SHOCKS 
GIVEN TO THE AIR BY AIR. 

29. Many of the loudest sounds with 
which we are familiar are occasioned 
by the percussion of air against the 
air. For instance: the report of a 
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gun and the pealing of loud thunder, 
the detonation of an exploding mine 
and of fulminating powder, the blast 
of a trumpet and the piercing shrill- 
ness of an octave-flute. 

30. The tremendous noise of ex- 
ploding GUNPOWDER is occa- 

• J • j.T_ /» n • Explosion 

sioned m the following manner: or gun. 
certain highly elastic gases, en- ^^ *^* 
gendered by the inflammation of the 
powder, are suddenly developed, chase 
the air which they encounter with 
considerable violence and greatly con^ 
dense it. This condensed air, being 
driven back against adjacent strata, 
condenses them in turn, and these 
latter, repelled against more remote 
portions, produce the same effect. In 
the meantime the new-formed gasea 
either condense or diffuse themselves, 
leaving a vast void. The condensed 
air rapidly dilates in order to occupy 
this void ; and currents flowing in 
from opposite sides, clash together with 
enormous violence, producing a new 

c 3 
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series of condensations at the very mo- 
ment of their rarefaction. This latter 
is the cause of the peculiar roll which 
characterises an explosion of gun- 
powder. The original sound being due 
to the condensation and dilation of air, 
as the gases develop or condense, and 
the rolling to the collision of opposite 
portions of air as they rush forward to 
occupy the void from which they had 
been dislodged. 

Gunpowder is made of nitre, carbon, and 
sulphur. Immediately it is inflamed, these three 
solids form into different combinations, so as to 
make seven gases and three or four new solids. 

The action is as follows : the oxygen of the 
NITRE makes three combinations : 

1. By far the largest part, by a re-action of 
the carbon, forms carbonic acid and nitrogen ; 

2. A small portion, by the re-action of the 
sulphur, forms sulphurous acid; and 

3. A small portion, by the re-action of the 
hydrogen contained in the carbon, forms the 
vapour of water. 

The SULPHUR also makes three combina- 
tions, besides that of sulphurous acid mentioned 
above. 

A part reacts on the carbon to form the suU' 
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phure of carbon ; and the rest on the potass of 
the nitre to form two new solids, viz. sulphate 
of potass and sulphure of potassium. 

The residue of the three ingredients forms 
into carbonate of ammonia^ carburetted hydro^ 
gen^ and carbonate of potass, 

N. B. Every cubic inch of powder after in- 
flammation displaces 4000 cubic inches of at- 
mospheric air. 

31. The explanation given above of 
the noise produced by explod- Detonating 
ing gunpowder is applicable to p**^***"- 
ali the different sorts of detonating 
substances. In the oxides of gold, 
silver, and mercury, it is the oxygen 
which passes from the solid to the 
gaseous state. In the nitrates it is the 
nitric acid which is decomposed, and 
reproduces its elements in a gaseous 
form. Whereas in the powders whose 
base is a muriate, it is the chlorine 
which vaporises, and the oxygen that 
is disengaged. 

32. The noise of crackers, lucifer- 
matches, and sky-rockets, is like- 
wise due to the sudden gasi- '** **"' 
fication of their ingredients, which ex- 
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pand to a considerable volume, and 
give the air a proportionate shock. 

Crackers are made of fulminating silver, 
which may be very easily obtained by dissolving 
a silver sixpence in an ounce and a half of nitric 
acid, and then heating the mixture with two 
ounces of alcohol. Great care should be em- 
ployed in making these toys, as frequent acci- 
dents occur in the manufacture of all ful- 
minates. 

Common LUCiFER-matches are made of chlo- 
rate of potass two parts, phosphorus four, gum- 
arabic seven, gelatine two, and a little indigo or- 
minium. Lucifer-matches which do not deto- 
nate are made of refined saltpetre ten parts, 
phosphorus four, gelatine six, minium or ochre 
three, and smalt two. 

CoNGREVK Rockets are made of saltpetre 
and bitumen, to which is added a little sulphur 
and a little grease. 

Common sky-rockets are made of nitre, char- 
coal, and sulphur, confined in a cylindrical case 
of paper tied to a stick. 

33. The noise of thunder is occa- 
^^ ^ sioned in a manner somewhat 

Thunder. . ., , n • • t 

Similar to that of ignited gun- 
powder ; the phenomenon is, however, a 
little more complex, and requires an 
explanation somewhat in detail. 
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A PEAL OF THUNDER consists of three 
parts : 

(1.) The primitive or fundamental 
sound ; 

(2.) The secondary sound, which 
constitutes the roll or rattle ; and 

(3.) The resonance or auxiliary 
sound. 

34. The primitive sound is occa- 
sioned by the sudden precipita- ^^^ ^ 
tion of air into the furrow made 
by the lightning-flash. This sound is 
somewhat augmented and modified by 
the various noises produced by the 
chemical changes* which the flash calls 
into action in the molecules of air 
along its immediate path. 

* Among tbese changes may be mentioned the 
reversion of the polarity of the molecules of air ; the 
formation of nitric acid, by placing in combination 
the two chief gases of the atmosphere ; the instan- 
taneous condensation and alternate rarefaction of the 
air in immediate advance of the flash ; the disturb- 
ance caused by the heat of the fluid through a bad 
conductor; and many others, which will be fully 
explained in the Second Series of these scientific 
tracts. 
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35. The secondary sound or roU of 
The roll of t^c thunder is due to thepr^a- 
ihuiider. pitation of adjacent clouds into 
the void created by the fall of rain 
which follows the flash. Let us ex- 
plain : The clouds are water in an 
aeriform state. The lightning converts 
a large mass of this vapour into a liquid 
state, reducing its volume 1728 times*, 
and leaving of course an enormous void. 
The superincumbent clouds precipitate 
themselves into this void, and a general 
movement takes place in all the adja- 
cent parts in order to restore equili- 
brium. The noise made by these various 
collisions sometimes reaches the ear 
simultaneously with the primitive 
sound, and the two produce one tre- 
mendous crash. Sometimes, however, 
the clouds are so far off that the noise 
proceeding from their concussions does 
not reach the earth till more than the 



* The ratio between water in a liqmd state and 
water in a gaseous state is as 1 to 1728. 
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twelfth part of a second after the prim- 
itive sound, and in that case a second 
loud noise is heard constituting a double 
peal, roll, rattle, or distinct roar. 

36. The repetition of the roar is 
due to the repetition of the sutumtd 
phenomenon just referred to. '*'"°**"* 
As soon as the fi7'st void has been 
filled up by the superincumbent clouds 
new voids must be left in the parts va- 
cated. The clouds, therefore, dilate in 
order to fill these voids, become super- 
saturated, and render more rain, leav- 
ing fresh voids of less extent to be 
filled up in a similar manner. Every 
fresh void occasions a renewal of the 
noise, each succeeding roar being, how- 
ever, more feeble than the former. 

37, The third part of the pheno- 
menon of thunder is from reso- 
nance. All these several sounds ech^on 

/» . , thunder. 

are frequently increased and 
modified by echo, either from the thick 
clouds, or from some terrestrial objects. 
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as forests, mountains, extensive build* 
ings, the soil towards which the sound 
is directed, or the surging waves of 
the troubled sea. 



SEC. rV. SOUND PRODUCED BY A COM- 
BINATION OF SHOCKS OF DIFFERENT 
CHARACTERS. 

38. Comparatively few sounds are 
really simple, and, therefore, it is much 
more easy to make a selection to illus- 
trate the preceding sections, than to fix 
upon a compassable number of com- 
pound sounds, which may serve as types 
or examples for the solution of others. 
We shall, however, select some of the 
most familiar, and leave the ingenious 
reader to apply the matter of the cliap- 
ter, as his fancy may dictate, to any 
other of the ten thousand times ten 
thousand noises which meet his ear in 
town or country, in the air, on land, or 
on the pathless deep. 
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§ I. Compound Sounds vnthout Re- 
sonance. 

39. The CRACK of a whip is due to 
three concomitant causes. 1st, crack of 
to the shock given to the air by *"*****• 
the lash; 2ndly, to the inequalities in 
the surface of the braided thong; and, 
Srdly, to the collision of the air when it 
returns to the place from which it has 
been dislodged. 

When a jerk is given to a whip, the 
thong first coils, then unfolds suddenly 
and coils again, displacing and con- 
densing all the air which it encounters. 
The air, condensed by the lash and 
thong, rapidly dilates to reoccupy the 
voids, and the noise produced is pro- 
portionate to the rapidity with which 
the thong moves from one place to 
another. 

40. The EXPLOSION of a hot chesnut 
is a compound noise arising „ , , 

^ - O Explosion 

partly from the same cause as ^^^^^^ 
the detonation of gunpowder j and 
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partly from a cause similar to that 
which produces the crash of falling 
timber. It is occasioned, 1st, by the 
gasification of the air contained in the 
fruit ; and, 2ndly, by the sudden rup- 
ture of the rind and of other parts of 
the chesnut. 

41. When the rind has been pre- 
set viously slit^ a roasting chesnut 
ch«nutf. jnajjes no explosion, because the 
hot air can then issue freely and gra- 
dually through the fissure. 

42. The CRACKLING of burning salt 
crepiution IS duc to thc foUowiug causes: 
*'^"'^* 1st, the water interposed in 
very minute quantities between the 
crystalline lamelles * of the salt is re- 
duced suddenly into vapour^ and pro- 
duces a noise in the same way as 
ignited gunpowder; 2ndly, the con- 
ductibility of salt being extremely 

* Lamelles (two syllables) are exceedingly tbin 
scales or plates. A crain of salt contains numerous 
little cells, the walls oif wliicb are its crystalline 
lamelles. 
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feeble, the heat of the fire produces a 
crowd of little ruptures in each crystal. 

43. The REPORT of a stone when it 
flies from the fire is capable of ^ 

a similar explanation. ( 1 . ) The »»«*«* 
heat 01 the lire sets at liberty 
the water of crystallisation contained in 
the stone ; and (2.), as the texture of 
the stone is extremely compact, it af- 
fords no issue to the heated air and 
vapour; .which, consequently, burst 
the stone into fragments, and project 
the different parts with great violence 
into the room. The accumulated force 
of these several shocks gives rise to a 
sound of considerable intensity. 

§ 2. Compound Sounds with Resonance. 

44. To this category belong a large 
number of wind instruments, to which a 
separate chapter (Chap. VI. Part 11.) 
has been assigned ; the present section, 
therefore, will be illustrated by various 
sounds not strictly of a musical cha- 
racter. 

d2 
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45. The ROAR of a furnace is occa- 
Roar of a sioned I (1.) hj t\iQ shoch of aiv 
furnace, agaiust air ; and (2.), by the re- 
sonance of the furnace. 

When the furnace door is closed^ the 
external air forces its way into the 
stove through the crevices around ; but 
can enter only at recurring periods or 
by pujfs, because it is shut out every 
time a fresh portion has gained admis- 
sion, till this newly -admitted current 
has become rarefied by the heat of the 
fire. The cold air which forces its 
way through the crevices of the fur- 
nace door, condenses the hot air for an 
instant, and the condensed mass is 
then dilated by the heat of the fire. 
These condensations and dilations, 
which take place with rapid succession 
in the enclosure of the furnace, give 
birth to the roar so familiar to all. 

46. The peculiar pitch of the roar 

Character ^^P^^^^ ^° *^^ COUStrUCtion of 

""j}^^!^' the furnace itself. A small 
aperture gives a higher note 



nace roar. 
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than a larger one, because small vi- 
brations are more quickly made than 
those of greater amplitude* 

" Pitch " id a musical term, and here refers 
to tbe high or low tone of the furnace roar. 

47. When the furnace door is opeuj 
the noise is considerably les- ro«,i«m 
sened, and sometimes scarcely SSJ21* 
audible; both because the air **~'"^"- 
no longer enters by puffs but in a con- 
tinuous stream, and also because the 
rarefactions and condensations are 
much more gradual. 

48. The SINGING of a tea-kettle 
has been observed and some- si„gi„g 
times anxiously waited-for by *"-*'*"*^- 
every householder. A phenomenon 
so familiar, and of a character so tho- 
roughly domestic, cannot be without 
interest. 

As soon as water begins to simmer, 
steam is formed at the bottom of the 
vessel which contains it, and, in virtue 

i>3 
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of its lightness, rises through the liquid. 
Some of these vesicles* of steam find 
their way into the kettle-spout, and, 
bursting at the surface of the water, 
discharge the vapour they contain with 
a kind of belch. The air in the spout 
is condensed by these shocks, and dilates 
again in obedience to its elasticity, as 
the air contained in a flute dilates after 
it has been condensed by the shock of 
the breath. So that the singing of a 
kettle is produced in a manner pre- 
cisely analogous to the notes of a flute 
or trumpet. 

The chant thus created is reinforced 
by resonance, and is somewhat modified 
by the vibrations of the metal itself. 

Watef contained in vessels without 
a spout sings before it boils, though not 
so loudly. In such cases the bursting 
vesicles of steam shock the air and 
walls of the vessel between the water 

* Vesicles are little bubbles or bladders, as those 
of vapour, &c. 
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and the lid. The same doubtlessly 
occurs in the common tea-kettle, but 
then the more powerful chant of the 
spout buries the feebler sound, in the 
same manner as the note which issues 
from the bottom of a flageolet incorpo- 
rates the harmonic formed at what is 
termed the " mouth " * of the instru- 
ment. 

49. Boiling water never sings: 
1st, because the hot steam ex- ^^^^ 
pels the air from the kettle- «:«te?n«»« 
spout, or so rarefies it that it 

is no longer capable of conducting 
sound ; and, 2dly, because the steam 
no longer shocks the air with puifs or | 
jerks, but issues forth in a continuous 4 
current. 

50. When boiling water coolsj the 
singing begins afresh, because ^^ 

•t* • 1 n A • Chant of 

ascendmg vesicles oi steam again ^^^s 
burst in the spout, where a 

• The mouth of a flageolet is the little hole near 
the top, the lower edge of which is bevelled and in« 
clined inwards. 
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column of air is re-established of suf- 
ficient density to propagate the im- 
pulsions thus communicated. 

51. The MURMUR of a humming-tof 

is another phenomenon of fa- 
Hum of ,-, * 1 • 1 T 

hummitig. mihar occurrence which de- 
serves a passmg notice. Ihe 
humming-top is furnished with a small 
aperture sometimes bounded by a sharp 
bevelled edge. One side of this edge 
being pushed, by the rotation of the 
top, against the external air, cz^te zf, and 
catches up the part cut off into the 
hollow of the toy. As the top was 
previously full of air^ this extra quan- 
tity compresses the portion nearest the 
aperture ; the part condensed con- 
denses other portions more remote, and 
then dilates, establishing both within 
and without the toy a series of sound- 
waves, which are augmented by reson- 
ance and modified by the vibrations of 
the top itself. 

52. It cannot have escaped observa- 
tion, that the cry of a top differs con- 
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feiderably in pitch between its first and 
last gyrations. There is first a 
shriek, which relapses into a of«fiu«- 
steady murmur, and this mur- 
mur gradually ceases as the top begins 
to stagger prior to its fall. 

The first gyrations produce the 
loudest shriek, because the top then 
takes a wider range and disturbs more 
air. The steady hum of what is called 
the top's " sleep " arises from the great 
rapidity and steadiness of its rotatory 
movement at this particular period, 
when the vibrations follow so quickly 
upon each other, that they produce 
the impression of one monotonous un- 
broken sound. As the top staggers, 
its motion becomes more slow^ and the 
aperture can no longer cut the air with 
the same precision. At this time, there- 
fore, the sound becomes more and more 
feeble, till the top ultimately falls. 

53. The MOANING and whistling of 
WIND just prior to rain is oc- Moaning & 
casioned by the descent of the J wloSf 
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heavy masses of cloud to the lower: 
regions of the atmosphere ; in con- 
sequence of which the air is com- 
pressed and set in motion. Unable to 
find a vent through the thick clouds, 
it forces its way through every acces- 
sible aperture ; especially through key- 
holes, and the crevices of doors or win- 
dows, where it meets from the tranquil 
and rarefied air of the room but very 
little resistance. For a similar reason 
it makes its way through forests and 
belts of trees, alleys, and other con- 
fined places, where the air circulates 
slowly, and cannot readily accom- 
modate itself to a sudden change of 
temperature. 

The nearer the storm, and the more 
the clouds are surcharged with rain, 
the louder is the howling or whistling 
of the wind. 

54. The REPORT of a gun or cannon 
Report of IS occasioncd by the expulsion 
" ^""* and re-entry of air into the piece 
after the explosion of the powder. The 
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powder being inflamed, develops a con- 
siderable quantity of gas, formed by 
the decomposition and re-action of the 
different ingredients of which it is 
compounded {No^ 30. note). These 
gases rushing from the interior of the 
piece, propel the projectile which covers 
the powder with enormous force, and 
chase from the muzzle the mass of air 
A vacuum is thus created in the in- 
terior of the gun or cannon ; and the 
external air, entering with precipita- 
tion to restore equilibrium, gives to the 
metal walls a shock which makes them 
vibrate. The tremendous noise which 
accompanies the discharge of fire-arms 
is the combined effect of these several 
disturbances. 

55. When gunpowder bursts a gun 
the report is far greater than or- Report of 
dmary, because every fragment gun. 
of the broken barrel gives the air a 
separate shock, but all the shocks com- 
bined produce only one impression on 
the ear. 
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The same explanation applies to the explosion 
of a steam-boiler. 

66. There are many sounds of fa- 
miliar occurrence analopjous to 
JSwHoJ* the report of a gun. For ex- 
ample : when a person draws 
off briskly the lid of a bodkin-sheath 
or pen-and-pencU case, a noise is pro- 
duced like that of a pop-gun. For, as 
the air in the sheath is more rarefied 
than the external air, immediately the 
lid is removed the rarefied air rushes 
out and external air rushes in. The 
encounter produces a shock, and the 
noise of the shock is augmented by 
vibrations in the material itself of 
which the case is composed. 

57. Another analogous noise is pro- 
Receiver duccd by thc foUowing pneu- 
and bladder, j^^^j^j experiment : a small glass 
cylinder, having a piece of bladder 
nicely adjusted over the upper orifice, 
is placed on the plate of an air-pump. 
As the air contained in the glass is ex- 
hausted, the bladder is forced inwards 
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by the weight of the incumbent air, 
till at length, being no longer able to 
support the pressure, it bursts with an 
explosion, like that of a pistol. This 
noise is occasioned by the rush of the 
e^^ternal air into the " receiver " to fill 
the void created there by the action of 
the pump. The violence of the entry 
shocks the walls of the glass and the 
plate of the machine; the vibrations 
are communicated to the table; and 
the noise is further increased by the 
echo of the walls, floor, and ceiling of 
the room. 

58. The report of a pop*gun is pro- 
duced in a similar manner. 
Sometimes two balls are em- °^^"*' 
ployed and compress the air confined 
between them. As soon as one of the 
balls is discharged this condensed air 
dilates suddenly, and shocks the ad- 
jacent air. 

Sometimes only one ball is used, and 
then the noise is occasioned chiefly by the 
rush of air into the pop-gun to replace 

£ 
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that which has been expelled by the 
ball. In both cases the noise is in- 
creased by the column of air confined 
in the tube, by resonance, and by vibra- 
tions established in the walls of the gun. 
Sometimes the ball is discharged 
into the hand. The report is then 
somewhat augmented, not so much 
from resonance, as because the hand 
renders the air which receives the dis- 
charge less fugaciotiSj and compels it to 
abide the full effect of the shock. 

59. The noise produced by drawing 
Report of » CORK brfskly from a bottle is 
**'**'^ occasioned by the rapid escape 
of rarefied air confined in the bottle, and 
by the no less rapid entry of external 
air to fill up the void. The shock of 
the encounter receives accession from 
the vibrations of the liquid and of the 
bottle, as well as from resonance in the 
parts not occupied by the contents. 

60. The noise proceeding from a 
chira''I*„ b^*'*^^ ^f CHAMPAGNE, soda- Water, 
Dottle.''*"® or ginger-beer, is further in- 
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creased by the violence with which 
the cork is expelled by the carbonic 
acid, and by the effervescence of the 
liquids. 

61. When a gas-burner surrounded 
by a globe chimney is lighted Report of 
from the top of the glass a re- "^^•f"- 
port of considerable force is made : 
1st, because the air in the globe is 
rarefied by the flame which sometimes 
plays for a moment on the top of the 
glasSy before it descends upon the beak ; 
and, 2ndly, because the vapour of water 
formed by combustion is rapidly con- 
densed. By reason of these two ac- 
tions a partial vacuum is formed in 
the glass, and immediately the flame 
descends upon the " burner," air rushes 
into the globe to restore equilibrium. 
The noise thus created is augmented 
by resonance, and by the " ring" of the 
glass itself. 

It is not essential for the chimney to be a 
globe, but such a form is very favourable to 
a loud report. 

£2 
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CHAPTER IL 
QUALITIES OF SOUND. 

Sec. I. — The pitch of different sounds. 

Sec. II. — The loudness of sounds depends on : 
§ 1. — The force of the shock given to the air ; 
§ 2. — The density of medium through whigh a 

sound passes ; 
§ 3. — The uniformity of that medium ; 
§ 4. — The absence of obstacles to prevent the 

spread of the sound-waves ; 
§ 5. — The proximity of the auditor to the ori- 
ginal source of the sound. 

Sec. III. — Timbre, or character of tone. 

62. Sounds diflFer from each other in 
three essential particulars : 

I. In pitchy that is in gravity or 
acuteness ; 

II. In loudness or intensity ; 

III. In timbre or quality of tone. 

SEC. I. PITCH. 

63. The pitch of a sound always de- 
pends on the number of vibrations 
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communicated to the air in a given 
time. Rapid vibrations produce sharp 
shrill sounds; slower vibrations those 
which are more grave. 

The low C of a piano-forte gives a 
deep bass note, the highest C an low and 
acute treble one. Not that one *"'*** ^* 
of these notes is touched more energe- 
tically than the other, but that the 
string of the former vibrates more 
slowly than the latter. Thus the lowest 
C of a six-octave piano makes only 64 
vibrations, while the highest C makes 
2048. 

64. A STRING is made to vibrate 
more slowly : 

I. By augmenting its length ; strings. 
II. By augmenting its weight ; 
III. By decreasing its tension. 

65. In WIND-INSTRUMENTS the lower 
notes are obtained principally : 

I. By lengthening the tube ; *^* 
and 

II. By diminishing the force of the 
blast. 

e3 
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By increasing the calibre the tone of a tube is 
flattened a little; and metal organ-pipes are 
flattened by pressing in the " ears," so as to di- 
minish the orifice called the mouth, 

66. In CHURCH-ORGANS the treble 
pipes decrease in size as they 

'^*"' represent the higher notes ; and 
are both larger and longer as the note 
required from them is more grave. 
The lowest C pipe of an organ is often 
32 feet long, while the highest C pipe 
is not more than an inch-and-a-half. 

67. In the trombone, a sliding tube 
„i^„ IS drawn out to a greater or 

less extent as the performer 
wishes to increase or diminish the 
length of his instrument, and to pro- 
duce thereby lower or higher notes. 

68. In the french-horn the same 
French- purpose is effcctcd by sliding 
**°'^"- the hand up the sides of the 
" bell " or pavilion. But in these, and 
indeed in almost all wind instruments 
played by the breath, greater variety is 
produced by the lips of the performer 
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than by altering the length of the tube 
employed. 

69. In KEYED-INSTRUMENTS, SUch aS 

the flute, clarinet, hautboy, bas- Keyeci.in. 
soon, and so on, the virtual •''""*"'*• 
lengthening and shortening of the tube 
are by means of the keys or finger-holes. 
As the performer uncovers the holes, 
he shortens the distance between the 
embouchure or mouth-piece and the 
orifice which determines the length of 
the vibrating column of air contained 
in the tube; effecting by this means 
what the organ-builder aims at by 
varying the size of his organ-pipes, the 
player on the trombone by sliding ug 
and down the moveable tube, and the 
fabled Pan by joining together reeds 
of unequal length. 
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SOUNDS. 
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70. The LOUDNESS or intensity of 
sounds is proportionate to — 
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I. The force of the shock which the 
air receives ; 

II. The density of the medium 
through which the sound-waves pass ; 

III. Theuniformity of that medium; 

IV. The absence of obstacles to in- 
terrupt the progress of the sound- 
waves ; and 

V. The proximity of the auditor to 
the original source of the sound. 

§ 1 . The Loudness or Intensity of Sounds 
is proportionate to the Force of the 
Shock which the Air receives. 

71. That which gives the air the 

greatest shock produces the loudest sound: 

^, Thus, while the 

,...-— "J .,^ string A B swings 

A .>'" 1" ^--^. n as far as E it will 

produce a louder 
sound than when it vibrates no fur- 
ther than D ; because the greater shock 
produces in the air a greater degree 
of compression, and sound-waves of a 
more decided character. 
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72. The explosion of gunpowder is 
accompanied with a louder re- 
port than the cracking of aSiTfSIlS' 
chesnutj because the enormous*"""" ' 
volume of gas generated by ignited 
gunpowder gives a shock to the atmo- 
sphere of far greater violence than the 
petty quantity of heated air which 
bursts from the rind of a roasting 
chesnut. 

The analogous ripple on the smooth 
surface of a lake would be far more 
deeply furrowed by the violent shock 
of a mill-stone, than if a small pebble 
were dropped gently into the water, 

73. Hard elastic bodies produce 
generally the loudest sounds, 
because they more readily trans- bod?«*'inost 
mit from molecule to molecule **'""'^**"^ 
the impulsion given to any individual 
part, and consequently their agitation 
is greater than that of bodies possess- 
ing less elasticity. 

74. For similar reasons, the sound 
of sonorous bodies is proportionate t^ 
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Sounds pro- ^^^ FORCE of-tlie BLOW wltll whlch 

gjrfoJS^o? they are struck. Thus a church- 
thebiow. |^gj[ struck with a huge sledge- 
hammer would render a much louder 
sound than if it received a mere fillip 
from the fore-finger. 

§ 2. The Loudness of Sounds is propor- 
tioned to the Density of the Medium 
through which the Sound-waves pass. 

75. The truth of this proposition is 
capable of a very simple, but no less de- 
Aiarum ^Isivc demoustratiou : let a bell 
^Jnair- bc placcd under the receiver of 

pump. r 

an AIR-PUMP. In exact propor- 
tion as the air is removed, the sound of 
the bell becomes less audible, and if a 
perfect vacuum could be established no 
sound whatsoever would be produced. 
If now a little air be re^admitted into 
the " receiver," a faint tinkling will be 
heard, and the sound will increase in 
loudness in exact proportion as the 
quantity of air increases. A small ap- 
paratus, called an alarum^ is arranged 
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expressly for this experiment. The 
alarum is placed on a soft cushion of 
wool or cotton to prevent the conduc- 
tion of sound through the pump-plate, 
and through other parts of the ma- 
chine ; and the bell is made to ring by 
means of a governing rod, which passes 
through the top of the receiver. 

76. As the air in the higher regions 
of the atmosphere is extremely Mounuiw 
rarefied^ sounds become less and •*"'**• 
less audible as we ascend in height. 
Other causes besides the rarefied state 
of the air contribute to this pheno- 
menon, especially the isolated character 
of mountain-summits, where there is 
nothing to produce resonance^ and no- 
thing to prevent the air from flinching 
or slipping away from the shock which 
may be given to it. 

77. De Saussure*, the celebrated 

♦ Horace Benedict de Saussure Was born at Ge-* 
neva in Switzerland, in 1740, and died in 1799. 
This celebrated naturalist crossed tbe Alps fourteen 
times, in order to make researches among the glaciers. 
His observations are published in a work entitlef* 
Voyages dans les Alpes, 
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naturalist, affirms that the re- 
lire oS*" port of SL pistol on the summit 

of Mont Blanc makes less noise 
than a common cracker discharged on 
the plain. 

The snow on Mont Blanc would contribute to 
this effect. 

78. Persons suspended in a bal- 
loon liiuch elevated find it 
needful to speak with consider- 
able exertion in order to render their 
words audible. 

On one occasion, when Gay Lussac* 
Ascent of had asccudcd to the unusual 
o. Lussac. height of 23,000 feet above the 
level of the sea, he found that he could 
scarcely hear the sound of his own 
voice. 

When a person has ascended very rapidly 

* Gay Lussac was born at St. Leonard in France, 
A.D. 1778, and died in 1849. This celebrated che- 
mist is reckoned one of the most distinguished 
philosophers of the 19th century. He has left a 
large number of works of incontestible superiority 
and of European reputation. 
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into a stratum of air extremely rarefied, as 
Gay Lussac did on the 6th of September, 1804, 
the air contained in the middle chamber of the 
ear has not time to put itself in equilibrium 
with the constantly decreasing density of the 
Bttmosphere ; the drum is, consequently, stretched 
outward with such intensity, that its vibrations 
are extremely feeble. 

Miss Martineau tells us, that she lost her 
deafness during the time she was on the top of 
the great pyramid. When deafness is due to a 
too great laxity of the tympanum^ as in the case 
referred to, the increase of tension, which would 
be painful and prejudicial tojothers, would act 
most serviceably. 

79. So imperfectly does rarefied air 
transmit the impulses of sound, that 
lio noise produced by the art of man 
can propagate itself to the limits of 
Qur atmosphere ; and no noise what- 
soever proceeding from celestial bodies 
can ever reach to our earth. 

80. Though air, when rarefied, is a 
bad conductor of sound, dense air is 
a very qood one. Thus, when „ ^ . 

•/ «/_ ^ ' .J r Sounds in- 

persons descend to a consider- t«njem^jjj 

able depth in a diving-bell, 

the slightest whisper is audible, and if 

F 
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one were to speak in his ordinary tone, 
the noise would be painfully intense : 
1st, because the upward pressure of 
the water greatly compresses the air of 
a diving-bell ; in consequence of which, 
its density is so great that a very 
slight movement suffices to produce 
upon the air audible vibrations ; 2ndly, 
because the original sound is greatly 
augmented by resonance from the sides 
of the machine ; and, 3rdly, because 
the air, being unable to escape, is com- 
pelled to abide the full shock of the 
voice. 

In the preceding case the descent is supposed 
to be deliberate and not sudden. Whenever a 
very rapid descent is made, sounds are not 
audible till the air in the middle chamber of the 
ear has put itself in equilibrium with that con- 
tained in the diving-bell ; because the more 
dense air will press against the tympanum, and 
so increase its tension that it will be able to- 
make but very feeble vibrations. 

81. Sounds are in general unusually 
vaiieyi loud iu VALLEYS wherc the air is 
'^^^'^^ dense, and where the surround- 
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ing hills both echo them, and swell them 
by resonance. The air of valleys being 
also somewhat confined by the rising 
ground on each side is less able to 
slip away, and is consequently mpre 
condensed by a shock than air which is 
more fugacious. 

The last idea I believe to be the most important 
of all the causes mentioned. Valleys act in the 
same way as speaking-trumpets^ and tubes of 
communication {See Chap, VIL Sec. I.) 

82. As cold condenses the air, 
sounds are heard more dis- ^^^^^ 
tinctly during a clear frosty ]j»^j;**» 
day than in the hot noons of 
summer. 

83. For the same reason, they are 
more audible in the frozen re- prown 
GiONS than in climates of a ''"°^^' 
higher temperature. 

84. Captain Ross* tells us, that 
when he was wintering in the capt.Ro««. 
polar seas, he could hear the 

* Captain Ross and Sir Edward Parry have ren- 
dered their names illustrious by their memorabl'* 
f2 
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voices of his men in conversation at 
the distance of a mile and a half. And 
i^ieut. Lieutenant Foster on one occa- 
Fo«ter. gj^jj^ during the third Polar 
expedition of Sir Edward Parry, held 
a conversation with a man on the 
opposite shore of Port Bowen, the dis- 
tance between the speakers being a 
mile and a quarter. 

85. Who has not observed that 

BELLS, CLOCKS, GUNS, and vari- 

louder by Qus otfacr souuds, are louder 

uignt. 

at NIGHT than by day ? To the 
sleepless this intensity of sound is not 

attempts to discover a north-west passage from Eng- 
land to China. The first attempt of the sort was 
made in the reign of Queen Elizabeth, by Sir Hugh 
Willoughby. 

Captain Ross and Lieutenant (afterwards Sir Ed- 
ward) Parry made their first voyage in the same 
vessel, in 1818. Parry made four subsequent voy- 
ages in 1819, 1821, 1824, and 1827. Captain Ross 
did not return from his second voyage till 1833. He 
had been absent for four years ; and all hope of his 
return had been nearly abandoned. 

Both these navigators have published very inter- 
esting narratives of their adventures in the North 
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unfrequently the cause of distress and 
alarm. Without doubt, the stillness 
of night, when birds, beasts, and in- 
sects are hushed in sleep, when the 
hum of moving multitudes and the 
myriad noises proceeding from their 
several occupations are suspended, 
when the ear is not fatigued by inces- 
sant shocks, nor the mind intent upon 
business, an ordinary sound is isolated 
and stands out in strong relief; yet 
that the condensation of the air which 
ensues at sunset, bears an important 
role in the phenomenon will appear 
from this, — the same observation has 
been made in tropical countries^ where 
the animals sleep during the hot day, 
and prowl, roaring for their prey, at 
night. 

86. When the celebrated Baron 
Humboldt* was in South Ame- „ 

, . ,, ^' .. Humboldt 

rica, his attention was particu- *nd the 

' J !• 1 Orinoco. 

larly directed to this phenome- 

♦ Baron C, G. de Humboldt, chamberlain and privy 
'councillor to the King of Prussia, was born at rotS' 
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non. He assures us that the noise of 
the great cataract of the Orinoco * was 
at least three times louder by night 
than at noon-day. In the spot where 
he was staying he could never hear 
the roar of the falling waters till after 
sunset. This could not be owing to a 
cessation of noises at night-fall, or to 
the greater susceptibility of his ear, 
rested from fatigue, inasmuch as the 
humming of insects was much greater, 
and the rustling of leaves incessant after 
the setting in of the evening breeze. 

§ 3. The Loudness or Intensity of Sound 
is proportioned to the Uniformity of the 
Medium through which it passes. 

87. Some reasons why sounds are 

dam, in Saxony, a.d. 1767, and died 1835. He was 
one of the most distinguished philosophers of the 
nge; and his work called Cosmos, translated into 
nearly all the languages of Europe, forms almost an 
era in natural philoso]>hy. 

* The Orinoco is a large river of Caraccas, which 
issues from the small lake Ipava, in Guiana, and, 
after a singularly circuitous course, enters the At- 
lantic by an extended delta of mouths. Its cataract 
is one of the largest in the world. 
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more audible by night than by day, in 
winter than in summer, in the polar 
regions than in the torrid zone, have 
been already alluded to, but the phe- 
nomenon is due in part to another cir- 
cumstance. When the warm sun has 
heated the surface of the soil, an up- 
ward current of hot air and a down- 
ward current of cold air are instantly 
established. These two currents de- 
stroy the uniformity of the atmosphere^ 
which is still further interrupted by 
evaporation, shadows, and interfering 
sounds. When a sound-ray gets en- 
tangled in a medium like this, it is 
divided into two or more portions, the 
part in the denser medium being borne 
onward with more rapidity than that 
which is in the rarer; the contour 
of the waves is also disturbed, one part 
being urged downwards by the de- 
scending column of air, and the other 
part buoyed upwards by the rising 
current. Instead, therefore, of striking 
the ear with their entire force, the 
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sound-rays are broken up into fractions, 
and reach the ear in detail. 

88. A person walking about a city 

often HEARS a church peal dis- 

Church bells , . , t • , . , -i 

heard at tiuctly lu ouc strcct, LOSES the 
sound m another, and again 
recovers it in full force immediately he 
enters a third. Whenever buildings 
intervene between the sonorous body 
and the listener, the sound is always 
diminished, and sometimes completely 
buried, partly owing to what is termed 
the acoustic shadow, and partly because 
sound cannot readily pass from one 
medium to another. 

89. A main reason why the sound 
Cellar, bury of VOICES iu a CELLAR rarcly 
•°"°*^ penetrates into the rooms im- 
mediately above is because the space 
between the vault and the ground-floor 
is filled with sand or rubble ; in conse- 
quence of which, the rays of sound 
which ent^r this debris are so wasted 
and frittered by the heterogeneous 
mass, that no sensible part emerges 
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through the floor of the incumbent 
roora. 

90. It is very different with the 
other parts of a nouse. Every g^„„^ p^^ 
noise in one chamber spreads gy'^jj^m 
into the rooms above, below, ***"~°- 
and on each side. We can hear the 
prate of feet as a person steps along 
the floor of an adjoining apartment. 
We can hear the murmur of voices in 
conversation, a burst of laughter, or the 
crying of children. We can hear the 
young pupil practising some tedious 
music-lesson or endeavouring to exe- 
cute some popular song. 

91. This annoyance, in some cases 
very serious, may be wholly ob- 
viated by filling with tan, saw- p^^mon 
dust, shavings, cut straw, tow, "^^ 

or any similar substance, the space be- 
tween the two surfaces of the partition 
walls, and that between the ceiling of 
one room and the floor of the other. 
One part of the sound-rays would then 
be reflected from the surface of th^ 
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walls without penetrating further, and 
the rest would be so refracted and 
divided by the several obstacles it 
would have to encounter, that no sen- 
sible part would be transmitted into 
the adjoining chambers. 

92. Hollow bricks were proved at 
Hollow th® Great Exhibition to be non- 
*''**'^"- conductors of sound. This is 
because the hollow part is filled with 
rarefied air, and every sound which 
finds its way into such a mass is effec- 
tually buried there. 

93. Brown paper, upon which flock 
or sawdust has been gummed 

Flock paper. ^^ pastcd, placcd bctwcen the 
battening of partition-walls, is also a 
pretty efficacious and very economical 
means of arresting sound. 

94. It is truly surprising that no in- 
cheappar- gcuious mcchauic has yet con- 
tition.waiu. triye(j ^ substancc for partition- 
walls, where cheapness and lightness 
are especially considered. Nothing, 
for example, could be easier than to 
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Make panels with two sheets of com- 
mon pasteboard, or tarpauling sepa- 
rated from each other by wooden blocks. 
Sawdust should be thickly strewed 
over the inner surfaces, and the inter- 
vening space be well filled with coarse 
tow or cut straw. A wooden " up- 
right," the thickness of the blocks, 
would hold the panels in their place, 
especially if the edges were made to 
lap over the supporters. Such a par- 
tition wall would be a real boon in 
hotels, &c., where chambers are often 
separated by half-inch wood or by 
simple canvas. 

95. Wool, hair, tow, shavings, cut 
straw, taUy sawdust, and so on, ^,^,^ 
are bad conductors of sound, be- ^rkn?'' 
cause they shut up a large **"*'*°"* 
quantity of air between their minute 
and detached parts ; so that they can- 
not readily transmit an impulse ; and 
\vhen a sound becomes entangled in a 
mass of this sort, it can no longer pre- 
serve its regular outline. 
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. 96. Carpets and fresh-fallen snow 
ft«n», n,r dcaJett sound, because the echo 

snow, car* . / 

ymotifer* which would othcrwisc combine 
toundi. ^rjth the direct sound and swell 
it, is smothered amidst the fibres of 
the one and the crystals of the other. 

97. The British and American troops, 
American ou onc occasiou during the un- 
drummer. fortunate War bctwcen thcsc two 
nations, happened to be encamped on 
the opposite sides of the same river. 
The outposts were so near to each 
other, that a drummer was observed 
by the British troops on the American 
side moving his arms to the beat of his 
drum, but yet no sound whatsoever 
was perceptible. A heavy fall of snow 
had recently covered the ground, and 
the air was thick with the river mist. 

§ 4. The Loudness or Intensity of Sound 
depends on the Freedom of the Waves 
to spread themselves without Impedi" 
ment or Interruption. 

98. Whatever interferes with the 
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onward march or regular out- Haii,r«{n. 
line of the waves diminishes the ^^tt* 
loudness of sound. Thus con- """**• 
vective currents of hot and cold air 
passing each other, falling snow, hail, 
and rain, disturb the integrity of 
sound-waves and render sounds less 
intense. The same may be said of thaw, 
evaporation, fog, and even of the strong 
shadows of hills, houses, and clouds. 

Shadows enfeeble sounds, because thej change 
the temperature of the air in their vicinity. 

99. On one occasion two of Captain 
Parry's crew, on the opposite 

sides of Port Bowen Harbour, obgtracu 

• , . 1 ' sound. 

were m conversation, when a 
thaw coming on, the voices were sud- 
denly interrupted, and the speakers 
could no longer make themselves heard, 
even by the loudest shouts. 

100. Mountains, houses, long walls, 
rocks, and all other obstacles Hiu.. 
which reflect sound, present a »"*"^«''*«- 
bar to its onward progress ; and if at 

G 
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any time a sound propagate itself be- 
yond these hindrances, its force is very 
materially enfeebled. 

101. One of the most effectual, and 
Interfering ccrtalnly the most remarkable 
•*'""'*•• of all impediments to the pro- 
pagation of sound is that of an inter- 
fering sound. Suppose, for example, 
the undulations of one sound encounter 
those of another in such a manner 
that the elevations of the one series ex- 
actly coincide with the depressions of 
the other, then the two systems will be 
mutually effaced, and the two sounds 
effectually silenced. 

Thus in the two series A A and B B, 
if the convexities 
of the former 
'*""'*'^'*"^"''"^*^"*^ " measure exactly 
the concavities of the latter, and vice 
versAy then the undulations of both 
series of waves will be entirely ob- 
literated* 

This interference may be expressed 
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+ _ + - + _ by the algebraic formula 
- + - -^ - + subjoined, in which the 

quantities of the under 

line being added to those of the upper, 
neutralise them. 

102. This very remarkable effect is 
competent of a simple experi-sj^j^ 
mental illustration. ^'^' 

Let A and B be two common beaker- 
* glasses. Lettlie 
^^^ glass B be held 
1^ 6=% exactly at right 

^ — 1™ — V ctngles above the 
|s C[™^ X, other. 
-*iJJ n« — J^ f| Having caused 
^^■*-ii ^^-— Uj a tuning-fork to 

vibrate, let it be held in the middle of 
the angle formed by the two beakers, 
and no sound whatsoever will be audi- 
ble. Remove either of the two beakers, 
and the vibrations of the tuning-fork 
will be heard distinctly; restore the 
glass to its former position, and the 
sound will be again silenced. This 
process may be successfully repeated 

g2 
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ad libitum^ so long as the fork continues 
vocal. 

The reason is this : when the two 
beakers are at right angles to each 
other, the sounds proceeding out of 
them encounter each other in such 
a manner that one system of sonorous 
T^aves completely effaces the other. 

1 03. Another illustration of this very 
remarkable effect of interfering sounds 
is furnished thus : having excited a 
tuning-fork, place the tip of the handle 
on the extreme end of an iron bar, and 
it will communicate a sound till the rod 
is bent at right angles^ when silence 
will ensue. If now the rod be still 
further bent, the sound will be repro- 
duced, and its force will increase gra- 
dually, till the two parts of the bar are 
brought parallel^ when the sound will 
be at its loudest. 

Interfering rays of light also mu- 
tually destroy each other; and tliis 
furnishes perhaps the most satisfactory 
explanation of the twinkling of stars. 
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§ 5. 754^ Loudness or Intensity of Sound 
augments with the Proximity of an 
Auditor to its original source. 

104. In open space sound is pro- 
pagated in all directions, like the light 
of a lamp or candle, but even the most 
powerful diminishes rapidly in loudness 
as it departs from its source, and with- 
in a moderate distance wholly dies 
away. 

105. Conceive four men placed at 
equal distances from each other, as the 

letters B, 

. 1 % \ i C, D, E, 

along the 
line A E. Let some one fire a pistol 
at A ; then to C, who is twice as far off 
as B, the sound will be only one-fourth 
as loud ; to D, who is thrice as far off, 
it will be but one-ninth as loud ; and to 
E, who is four times the distance, it will 
be only one-sixteenth. 

On the other hand, with whatever 
degree of intensity E may hear the 

g3 
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sound, D will hear it four times as 
loud, C nine times, and B sixteen times 
as loud as E. So that the loudness 
does not diminish inversely as the dis- 
tance increases, but inversely to the 
square * of that distance. 

106. The cause of this rapid dimi- 
j^» ^^^ nution of force is that the un- 
dimin"fhe« dulations of sound, like those of 

sound. ^ . ' . 

water made by a stone, are in 
circles round the centre of disturbance. 
Now, if one circle have a diameter twice 
as long as another, the circumference 
of the former will enclose a space four- 
fold as large as the latter. 

This will appear evident from the 
following simple illustration : 

Divide A C into two equal 
parts in the point B; describe 
a square on A B, and another 
on A C. 

It is evident that the larger 



* The square of a number is the number multi- 
plied into itself. Thus, the square of two is 2 X 2= 
4 ; the square oi three is 3 X 3=9 ; and fhe square of 
/oar is 4x4=16, etc. 
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square described on A C contains four 
squares, each equal to that described 
on AB. 

Again. If the line 
A D be divided into three 
equal parts, then the 
square described on the 
whole line A D will con- 
tain nine squares, each 
equal to the square de- 
scribed on A B. 

Now, if we conceive a sound-wave 
condensed into the small square AB 
when it reaches the first listener B, and 
to be spread over the larger square on 
A C, when it reaches the second listener 
C, and again dilated so as to occupy 
the whole square described on AD, 
when it I'eaches the third listener D, 
it is evident that the density of the 
wave, or (if you will) the loudness of 
the sound is diminished four-fold at 
twice^ and nine-fold at thrice the dis- 
tance. 

107. In a THEATRE, if those who 



■^j 
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occupy the orchestra stalls be placed 
Theatres ^^ ^ giveii dlstancc from the ac- 
tors, those in the middle of the 
pit twice as far off, and those in the 
back seats thrice^ then the volume of 
the performers' voice will be dimi- 
nished four-fold in passing from the 
orchestra to the pit, and nine-fold when 
it reaches the audience most distant 
from the stage. 

This is not altogether true, except in the 
open air, in as much as those nearer the walls 
of the house have the compensating advantage 
of greater resonance. 

SEC. III. TIMBRE OR CHARACTER OF 
TONE. 

108. Every voice, every musical 
instrument, and indeed every thing 
capable of rendering a sound, has a 
specific character of tone, which the 
French call its timbre^ and the Italians 
its metal.* Some are more sweet, others 

"* The expression metallo di voce is applicable, not 
only to human voices, but to all sonorous bodies. 
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more rich, some are more clear, others 
more mellow, some have a reedy qua- 
lity, others a drone, and others again 
a " tinniness," a silvery clearness, or a 
harsh bray. Any ear the least practised 
can discriminate between the sounds 
of a flute and those of a hautboy or 
clarinet, between the tones of an organ 
and those of a pianoforte. The same 
note may be sounded, the pitch and 
intensity may be identical, the unison 
perfect, yet is there an indescribablcs 
something in the tone of each, by which 
it is characterised as distinctly as a tree 
by its leaf, a flower by its perfume, or 
a bird by its whistle. 

It is by this " feature " of the voice 
we can distinguish one person from 
another, as well as by the contour of 
the face. By the same means we can, 
by the ear alone, identify persons of dif- 
ferent sexes, ages, conditions, provinces, 
and even families. By the same indi- 
viduality of tone, we can discern with 
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infallible certainty the various emotions 
of the soul. It is chiefly by the pe- 
culiarity of its tone, that the careful 
housewife tests the soundness of a vase 
she intends to purchase ; that we can 
ascertain if a cask be empty, full, or 
only partially void; that the skilful 
physician will discern the healthy or 
disordered state of those parts^of the 
body concealed from actual inspection. 
The sound of hail beating against the 
window or pavement is distinct from 
that of rain, the pattering of the 
eaves-drop from the report of a falling 
pebble, the cry of sterling money from 
that of counterfeit coin, the crash of 
breaking wood from that of breaking 
crockery, the uproar of the ocean from 
that of the hurricane and the storm. 
Without doubt, in some of these sounds 
there are other distinguishing features 
besides the mere quality of their indi- 
vidual tone, so are there other marks 
whereby the eye recognises different 
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persons besides the mere lineaments of 
the face- These auxiliary aids are like 
a second witness in a court of law ; 
though the point at issue may be proved 
by onej it is nevertheless expedient 
that it receives confirmation from 
additional testimony. 

109. The practical utility of this 
individuality of tone is of daily and 
hourly occurrence ; but the caicse of it 
is not fully understood. The cauwof 
diflferent materials of which ""***'*• 
things are made, their diversified 
shapes, their elasticity or non-elas- 
ticity, their smoothness, fineness of 
texture, tenacity, and constitution, 
and the thousand indescribable vari- 
eties which modify them, produce 
some unknown effect on the sym- 
metrical rarefactions and condensa- 
tions of the sound-waves sufficient to 

I characterise their tone, and give to 
each that peculiar trait, as difficult to 
define, yet as palpable to the senses, 

I 
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as the unknown something which en- 
ables the wearer to select his own hat 
from a crowd of others bearing the 
same shape, the same date, the same 
colour, and made perhaps by the sanae 
manufacturer. 
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CHAPTER III. 

TRANSMISSION OP SOUND. 

Sec. I. — By water. 

Sec. n. — By solids. 
§ 1.— The earth. 
§ 2. — Animal substances. 
Experiments by Chladni. 

110. Sound-waves are propagated best 
by those substances which most readily 
transmit an impulse from molecule to 
molecule. Thus dense air is a better 
vehicle than rarefied air, and this latter 
than gases of a less specific gravity. 
Water, on the other hand, in conse- 
quence of its superior density, con- 
veys sounds, under favourable circum- 
stances, both faster .and with less loss 
than atmospheric air ; and many solids 
still better than water. 

Respecting the transmission of sound 
through atmospheric air, enough has 
been already said ; the present section, 

H 
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therefore, will be appropriated to the 
acoustic properties of water and of 
solids. 

SEC, I. WATER A VEHICLE OF SOUND. 

111, Divers can hear underwater ! 
what is said on the banks of a 

h2a"dun. river; and, reciprocally, two 
stones struck together at the 
bottom of a lake produce a sound 
which may be heard at its surface. 
E^p by Thus the Abb6 NoUet*, having 
Noiiet. descended to various depths, as- 
sures us he could distinctly hear sounds 
made in the air, as those of the human 
voice, of a clock, horn, hammer, &c. ; 
indeed every one must have notit^ed that 
when a fish lashes the water suddenly 
with its tail the noise is, in many cases, 
audible on the banks of a pond. 

112. These instances (though suffi- 

* The Abb^ Nollet was an eminent natural philo- 
sopher of the last century. He was born at Pimbre, 
in France, and died in 1770, at the age of sixty-nine. 
He published a work on Experimental Physics^ and 
anotner on Electricity, 
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cient to prove that water is capable of 
transmitting sound) appear neverthe- 
less under very unfavourable circum- 
stances ; for as the density of water dif- 
fers very considerably from that of air, 
and as sound passes with difficulty and 
loss from one medium to another, it is 
impossible to hear in water sounds 
made in atmospheric air, or vice versd^ 
without great attenuation of force. 

113. Other experimenters have at- 
tested the capacity^ of water to g^p. by 
convey sounds without com- ^"°"»°- 
pelling the vibrations to change their 
medium. Thus Dr. Franklin*, having 
plunged his head under water, heard at 
half a mile distance two stones struck 
together beneath the surface. 

114. Professor Robinson f of Edin- 

* Dr. BeDJamin Franklin, of Boston, in North 
America, was one of the most eminent philosophers 
that ever lived. He proved lightning to be identical 
with electricity^ was the inventor of lightning-cori' 
dtictors, and the author of several works. He died 
in 1790, at the age of eighty-five. 

t Professor Robinson, bom in Stirlingshire (Sco^ 
h2 
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burgh, having plunged his head under 
Exp by water, heard at the distance of 
Robin«,n, JL200 feet the sound of a bell 
rung in the same lake. 

115. Mr. W. Anderon caused three 
Exp. by persons to dive under water 
Anderon. ^^^^^ ^Y\e depth of two feet, 
and in that situation they heard the 
rushing of a stream through a flood- 
gate twenty feet from the place where 
the experiment was made. 

116. Some noises are much more 
readily transmitted through water than 
others. Thus, the blow of a hammer 
on a sunk bell may be heard under 
water for several miles^ and even the rat- 
tling of a chain-cable for 4000 or 5000 
yards: whereas the fall of water through 
a sluice, and the paddles of a steam-boat 
of 100 horse-power, seem at the dis- 



land), died in 1 805, at the age of sixty-six years. He 
succeeded Dr. Black as professor of chemistry at 
Glasgow, and was afterwards chosen professor of 
natural philosophy at Edinburgh. His beet-known 
work is entitled Elements of Mechanical Philosophy, 
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tance of fifty yards like the droning of 
a bee, and at double that distance are 
quite inaudible. As the noise of a 
chain-cable agitated in water makes 
itself heard to such an extraordinary 
distance, surely some practical use 
might be made of this important fact, 
in times of war, to apprise a fleet when 
the enemy is weighing anchor, 

117. By far the most important ex- 
periments on this subject were 
made in 1827, by Messrs. Cot cJ&don 
ladon and Sturm in the Lake of*" """' 
Geneva. As, however, we must refer to 
these experiments in the next Chapter, 
which treats of the Velocity of Sound, 
we shall now merely state three im- 
portant facts: 1st, they heard the 
sound of a bell struck with a hammer 
three feet under water, quite across 
the lake, from RoUe to Thonon, a dis- 
tance somewhat exceeding nine miles ; 
2ndly, they found that any obstacle 
intercepting the sonorous body ren- 
dered the loudest sound indistinct even 

h3 
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at the distance of a few yards ; 3rdly, 
by plunging a bar of metal partly in 
water, tbey discovered this remarkable 
fact, that at a few yards^ distance, the 
sound transmitted by the air was the 
louder ; but when they moved further 
off, the sound transmitted by water 
had lost so little of its force, that it 
was by far the more intense ; by again 
retiring to a still greater distance they 
entirely lost the sound in the air, 
although in the water it still continued 
distinctly audible, — an indisputable 
proof that sound is transmitted by 
water with far less diminution of force 
than when it spreads through atmo- 
spheric air. 

118. It is probable, from these ex- 
periments, that sound-waves do 
sound in not diffuse themselves m water 
^""' upwards and downwards with 
the same facility as horizontally along 
the strata in which they originate ; and 
that, therefore, sounds in water do not 
diminish in force according to the 
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square of the distance^ as they do in air 
( 105.), but in simple inverse proportion^ 
or nearly so. 

119. Sounds are also carried along 
the surface of water with extra- 
ordinary facility. _ Thus a few ^""^••* 
years ago persons at Calais and Dover 
heard the cannonading at Waterloo; 
on another occasion they heard the 
noise of artillery proceeding from some 
troops in field exercise at Denderleeuw, 
about twenty-five miles from Brussels, 
the distance between the troops and 
those who observed the sound being at 
least 130 miles. The sound of cannon 
was heard at sea about the same dis- 
tance when the British troops landed in 
Egypt. In the famous engagement of 
the Dutch in 1672, the report of the 
guns was heard booming over the ocean 
200 miles from the scene of action. 
Sir Stamford Raffles* tells us of a 

'*' Sir Thomas Stamford Raffles was born at sea, 
1781, and died 1826. He was some time lieutenant- 
governor of Sumatra, where he distinguished himself 
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still more extraordinary instance of the 
spread of sound over the surface of 
water : in the eruption of Tumbora, in 
Sumbawa, an island of the Pacific 
Ocean, a.d. 1815, the noise of the vol- 
cano might be heard anywhere round 
the island at the enormous distance of 
850 miles. 

In all these cases, without doubt, a gentle 
wind was moving in the direction in which the 
sounds were heard. 

SEC. n. SOLID SUBSTANCES GOOD 
VEHICLES OF SOUND. 

120. Many solid substances, espe- 
cially those whose parts are consistent 
and compact, convey sounds with ex- 
traordinary facility, because they very 
readily transmit an impulsion from one 
particle to another. 

by many philanthropic institutions. He wrote a 
History of Java; but his valuable papers on Su- 
matra, and ail his property, amounting to 30,000/., 
were lost by fire as he was returning trom his resi- 
dency to England in 1824. 
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121. If a BEAM of timber be scratched 
at one end with a pin, a person scwtehed 
who applies his ear to the other *'*^* 
extremity will hear the sound dis- 
tinctly, although another standing close 
by be unable to detect the slightest 
noise. The beam is a good conductor 
of sound, both because its particles 
are so close, so little fugacious, and so 
uniform, that the slightest impulse is 
communicated with facility from one 
to another; and also because it acts 
as an acoustic tube in preventing the 
spread of the sound-waves, which, 
being limited to the girth of the tim- 
ber, propagate themselves only in one 
direction, and present themselves at 
the further extremity in a compact 
and concentrated form. 

122. It is by no means unusual to 
see a deaf man take his seat Deafmen 
beside a pianoforte, holding in Siro'ig^ 
his hand a cane, one end of * "*"''• 
which he rests on the instrument, and 
the other applies to his ear. By this 



82 TRANSMISSION OP SOUND [chap.di. 

contrivance he is enabled to enjoy the 
music which would be otherwise in- 
audible to him. The action of the 
cane is precisely analogous to that of 
the beam explained in the preceding 
paragraph. As soon as the sound-rays 
reach the further extremity of the con- 
ducting rod, they communicate their 
vibrations to the teeth, shake the bones 
about the regions of the mouth and 
ears, communicate a similar motion to 
the nerve of hearing, and create a 
forcible impression of sound. 

It is, however, evident that if a deaf 
man can hear by means of such an 
artifice, the auditory nerve must be in 
a pretty healthy state, and that his 
deafness proceeds from some disease or 
imperfection of the tympanic apparatus. 

123. The following juvenile experi- 
pokerand mcnt is not unworthv of notice 
rtring. jjj ^j^jg place. Havmg placed 

the palms of your hands over your 
ears, let some one pass a piece of twine 
round the back of your head and over 



1 
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the back of your hands ; then let him 
tie a POKER to the two ends. If now 
you cause the poker to oscillate, so as 
to strike against the bar of a fire- 
grate, you will hear from every percus- 
sion a noise almost deafening, which to 
others will seem by no means unusually 
loud. 

124. The preceding experiment may 
be somewhat varied in the fol- watch and 
lowing ways : Instead of a •*""'* 
poker, let a watch be attached to the 
ends of the string, and the ticking will 
be much louder than ordinary. The«tring 
Next, remove the watch, and ■""^*^**- 
let some one, having tightly stretched 
the string, rub it between his fingers or 
SCRATCH it with his nails, and the noise 
will resemble that of distant thunder, 
whereas the operator or a by-stander 
will hear little or nothing. 

125. In all these cases the impulse 
given to one part of the string is 
readuy communicated to every 
other portion ; and as the diameter of 
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the twine is very small, the sound- 
waves lose nothing of their force by- 
diffusion or divergence. If the string 
be relaxed^ the sound is no longer dis- 
cernible, because then an impulse can 
no longer be communicated from one 
end of it to the other. 



§ 1. The Earth a good Vehicle of 
Sound. 

126. Smooth elastic bodies form 
favourable channels of sound : 

hearhigof as, for cxamplc, the surface of 
ice, hard snow, water, and earth. 
Beasts, whose ears are near the ground, 
hear the peculiar rumbling which pre- 
cedes the outbreak of a volcano be- 
fore the air apprises men of it ; conse- 
quently, the inhabitants of volcanic 
countries take warning of the approach- 
ing danger from the agitation and 
terror of cattle. 

127. Several extraordinary instances 
of this power of the earth to convey 
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sounds are mentioned by travellers. 
Thus the stupendous cataract of 
the Missouri in North America *^**"^'** 
first attracted the attention of Lewis at 
the distance of seven miles; and, accord- 
ing to Ellicot, the sound of the famous 
Niagara Falls are not unfrequently 
audible twenty miles off. The roarings 
of the Cotopaxi, a volcanic mountain 
of the kingdom of Quito, in South 
America, have been heard in New Gra- 
nada, a distance exceeding 600 miles. 

128. Savages often make a very 
sagacious use of this power of ^^^^ ^ 
the earth to transmit sounds. ^^^^^^^ 
They place their ear against 

the ground, and by this means discern 
the approach of persons, horses, and 
animals of chase, at a very considerable 
distance, long long before the babbling 
air " prates of their whereabouts." 

129. The Arabs employ similar 
means to detect the arrival of a 

ship. When a vessel is ex- «sp;^nf 
pected, they will listen at day- 
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break with their ear on the water, and 
will hear the signal-gun above 100 
miles from land. 

130. A sentinel once on duty at 
windaor WiudsoF was tried by a court 
sentinel, i^artial for sleeping at his post. 
He pleaded that he had been awake up 
to the time his watch expired, and that 
the guard of relief was behind the ap- 
pointed hour. He stated, by way of 
proof, that the church clock of St. 
Paul's cathedral, London, had struck 
thirteen instead of twelve. This upon 
investigation being found correct, saved 
his life. The soldier stated that he 
had placed his ear upon the ground, 
and had by this means heard, at the 
extraordinary distance of sixteen miles, 
the strokes of St. Paul's clock. 

131. Probably the wonderful saga- 
sagacity city of DOGS iu dctccting the 
of dogs, dangerous subsidence of a house 
(if indeed credit may be reposed in any 
of the numerous anecdotes of their ex- 
traordinary prescience in this respect), 
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is not 80 much due to their eye or to 
their instinct, as to their earsj which, 
being near the earth, receive from it 
the alarm before the air has been able 
to report it. 

§ 2. AnimalSubstances transmit Sounds. 

132. That ANIMAL substances have 
the power of transmitting sounds may 
be inferred from the experiment of the 
scratched string^ and from those analo- 
gous to it, mentioned in preceding para- 
graphs (123, 124.), in all which cases 
the sound had to permeate the hands 
and occiput of the head in order to 
reach the nerve of hearing. As a rule, 
however, animal substances are by no 
means good conductors of sound, yet car- 
tilage is far better than the softer parts, 
and bone better still than cartilage. 

133. By applying the ear to the left 
side of the chest, any one may Beat of 
hear the " beat of the heart," as '*^"*^'*'*- 
it is called ; and by applying it to a 

l2 
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certain part of the back, the noise which 
accompanies respiration may be heard. 
134. Two persons who have 
SSouf stopped their ears can converse 
**"* with each other if they hold a 
piece of string or packthread tightlv 
stretched between their teeth; or if 
they hold between their teeth the two 
respective ends of a common stick ; or 
if they only press their teeth against it. 
They may converse also by merely rest- 
ing a stick against their throat or chest. 
135. Chladni *, whose labours in the 
Exp. of science of acoustics have been 
Chladni. gQ eminently ingenious and suc- 
cessful, mentions the following manner 
of conveying sounds through the bones 

* Ernest F. F. Chladni, natural philosopher, was 
born at Wittenburg, in Saxony, a. d. 1756, and died 
in 1827. 

He is celebrated for his ingenious researches in 
the science of acoustics, and for the invention of two 
new musical instriiments. 

Chladni and Savart have done for acoustics what 
Hooke and Boyle did for the air-pump, Watt for 
the steam-engine, Linnaeus for botany, and Cuvier for 
zoology. 
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of the HEAD, while the ears are stopped 
with wadding. You are to hold a stick 
by one extremity between your teeth, 
and to place the other end in a jug, 
glass-beaker, or basin. If now a per- 
son speak, directing his voice into the 
same vessel, the stick will convey the 
words to your organ of hearing, al- 
though your ears be " sealed up close 
as night." 

136. There can be no doubt that 
FISHES have the power of hear- 
ing, although they have neither 
external nor even middle ears.* They 
exhibit every symptom of alarm at 
loud noises ; generally desert rivers in 
which steam-boats ply; and at the 
sound of a gun start away in terror. 
It is universally known that all anglers 
preserve silence if they desire " sport," 
and will not suffer even their float to^ 
fall heavily into the water. 

* These are fully explained in Chap. X. Sections 
i. ii. 

i3 
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The terror of fishes at loud noises 
may, it is true, be partly ascribable to 
feeling; but not so the pleasure they 
seem to take in musical sounds, a cir- 
cumstance noticed by the ancients and 
confirmed by modem testimony. 

Osseous fishes have no tympanum, and can- 
not, therefore, hear in the same way as we do. 
Their ears consist of a labyrinth of small cavi- 
ties entirely enclosed within the bones of their 
head. The sonorous vibrations are imparted 
from the water to these bones, and thence trans- 
mitted to the sensorium. 

The air-bladder of fishes, in addition to other 
uses, subserves the purpose of increasing by re- 
sonance the intensity of the sonorous undulations 
communicated from the water to the body of a 
fish ; and, as dense air is a better medium of 
sound than rarefied air, it follows that the lower 
a fish descends the stronger will be its impres- 
sion of sound. 

Cartilaginous fishes and Crustacea (as oysters, 
lobsters, crabs, crayfish, &c.), have the cavity of 
•the ear prolonged to the surface of the head, 
where it is covered with an elastic membrane 
similar to the tympanum of birds and reptiles. 
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CHAPTER IV- 

THE VELOCITY OF SOUND. 

Sec. I. — The rate at which sound spreads through 
atmospheric air. 

Effect of wind. Practical applications. 

Sec. n. — The rate at which sound spreads through 
water. 

' Exp. of CoUadon and Sturm. 

Sec. m. — The rate at which sound is propagated 
by solids. 

Exp. ofBiot. Chladnis tables. 

SEC. I. THE RATE AT WHICH SOUND 
SPREADS THROUGH ATMOSPHERIC AIR. 

137. It can be deraonstrated by a 
very simple experiment that sound pro- 
sound does not, as light, diffuse *""*'®* 
itself instantaneoiLsly to a great dis- 
tance. Let five men be placed in a 



line, 1120 feet apart from each other. 
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If now a pistol be discharged at P, 
1120 feet from the first of these ob- 
servers, he will see the flash one second 
before he hears the report, the second 
observer will see it two seconds before 
the report reaches his ear, the third 
observer three seconds, the fourth ob- 
server /owr seconds, and the fifth jive. 
Why is this ? It is because light de- 
mands no appreciable time to travel 
the assigned distance, whereas sound 
requires /v^ seconds to pass from P to 
the fifth observer. 

138. The sound of the pistol will 
not only reach the several observers 
at diflferent moments, it will also cease 
to be heard by the first when it reaches 
the second, and will be inaudible to 
the second when it passes to the third. 
So that sound does not spread like a 
flood of water, but like a ripple made 
in a lake, which leaves in repose the 
part over which it has passed. 

139. In long files of soldiers, where 
two bands of music are placed at a 
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considerable distance from each 
other, it is 'impossible for the mwcwng 
men to keep step with both. 
Every soldier will hear the sounds 
nearest him before he hears those more 
remote, and thus the two bands will 
seem to be playing out of time. 

140. It is often noticed, too, that if 
from an eminence any one look swin«or 
upon a long column of soldiers ^ 
marching to music in front, the various 
ranks do not step together. Those in 
the rear lag a little behind those before 
them, producing thus a sort of swing 
or undulation in the whole column. 
For as each man steps when the sound 
reaches his ear, those most remote 
have to wait till the music has travelled 
to the bottom of the file. 

141. Take another example : a flash 

of LIGHTNING is Seen BEFORE the 

THUNDER makes itself heard. ^a^iT* 
Without doubt both the flash 
and the peal begin their course toward 
the earth at one and the same moment. 
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but their rate of motion is very dif- 
ferent. Thus, while sound is tardily 
making its way over some thirteen 
miles of air, light flashes over an enor- 
mous distance equal to eight times the 
entire circumference of our globe at 
the equator. 

Sound travels about a mile whilst a healthy 
pulse is making five beats. A rough way, 
therefore, of calculating the distance of a storm, 
is to count by his pulse the interval between the 
flash and the thunder-peal, divide the sum by five, 
and it will give a pretty correct result in miles. 

142. The average rate at which 
Velocity sound moves in atmospheric 
in air. j^j^ jg J J 20 fcct lu a sccoud. 
A warm temperature is, however, 
somewhat more favourable than a cold 
one. Thus, if 1120 feet per second 
be taken as the rate of motion when the 
thermometer is 60° Fahrenheit, it will 
not exceed 1090 in a dry frosty air. 
This diminution of speed is by no 
means uniform ; for the first 10° the 
diflference of velocity being almost in- 
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appreciable, while from 50^ to 32®, the 
loss of speed is a trifle more than afoot 
per second for every degree which the 
thermometer falls. 

N. B. For all practical purposes 1120 feet 
per second may be taken as the rate, regardless 
of temperature. 

143. The QUALITY of a sound has no 
influence whatever on its velo- Rateuni- 
city. Sharp shrill sounds and '*"""' 
bass dull ones, the loudest detona- 
tion and the softest whisper, all propa- 
gate themselves with precisely the 
same speed. Thus, when several 01,^^1 
persons at difierent distances "'"'^*^ 
listen to a band of music, they all hear 
exactly the same tune and the same 
harmony. It is very true that those 
at a distance do not hear the notes at 
the same instant^ nor with the same 
forcej as those nearer to the performers, 
but nevertheless the order of the dif- 
ferent notes is undeviatingly preserved, 
and the harmony unaltered. The 
whistle of the fife or octave never out- 
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strips the roll of the drum ; the tink- 
ling of the cymbals keeps pace with 
the blast of the trombones ; the shrill 
treble, the melodious tenor, and the 
deep bass, aU preserve a uniform 
march, an invariable order, and re- 
gular succession, to whatever distance 
the sounds extend. 

144. Not only the pitch and loud- 
influence ^^ss of a sounu havc no effect 
of wind. Qjj -^g velocity, even wind has 
an influence wholly insignificant, inas- 
much as sound maintains a rate of 
motion seven times greater than the 
swiftest gale that ever blows. Never- 
theless, wheA great accuracy is re- 
quired, it is customary to add the rate 
of the wind to that of sound when both 
tend simultaneously toward the lis- 
tener, and to subtract one from the 
other when they follow opposite di- 
rections. 

If wind crosses a sound obliquely^ 
its effect upon the rate of motion must 
be calculated in the same way as its 
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action on mills and sailing vessels ; that 
is, by what is called the parallelogram 
of forces. 

145. The difference of velocity be- 
tween LIGHT and SOUND is occa- 
sionally made subservient to the caicuSti 

f — A by MNind. 

admeasurement of distances. 
Thus it is easy to ascertain by approxi- 
mation the distance of a ship at sea 
by marking the interval which elapses 
between the flash and the report of a 
gun. Suppose the rate of sound to be 
1120 feet per second, and the interval 
between the flash and the report to be 
10 seconds, then the ship is (1120 x 10) 
= 11,200 feet from the observer, or a 
little more than two miles.* The eleva- 
tion of a balloon, the breadth of a lake 
or harbour, the height of a mountain, 
and the distance of a storm, may all 
be computed by the same means. 

* As 5280 feet make a common lineal mile, 
11,200 feet equal 2 miles 640 feet. 
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SEC. II. THE RATE AT WHICH SOUND 
SPREADS THROUGH WATER. 

146. Sound propagates itself in 
Experi. WATER more than four times as 
c5"idon fast as it spreads through atmo- 
and Sturm, gpherfc air. This fact has been 
most satisfactorily demonstrated by 
Messrs. CoUadon and Sturm, in their 
interesting experiments at the Lake of 
Geneva already alluded to (117.). A 
large metal bell was sunk in the lake 
three feet below the surface, where it 
was struck by a hammer, so adjusted 
that when the head struck the bell, the 
handle struck against some fulminating ' 
powder and caused it to explode. This 
was done that the experimenters, who 
were seated in a boat 42,336 feet from 
the bell, might know the exact instant 
of percussion. In order that they 
mignt the better hear the sound under- 
water, they were provided with acoustic 
tubes of a peculiar construction. These 
tubes were made of sheet-iron ; to the j 
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bottom was attached a large circular 
iron plate turned in the direction of 
the bell, and so arranged that when 
plunged in the lake its face was per- 
pendicular to the surface of the water. 
It was found by very careful observ- 
ation, that nine seconds elapsed between 
the flash and the arrival of the bell- 
sound through the water ; con- velocity 
sequently, the sound travelled *"''*'*'• 
4704 feet per second. As the average 
rate of sound through air is 1120 feet 
in a second, it is manifest that its speed 
in water is more than 4 times as fast 
as in atmospheric air. 

147. As in air, so in water the velo- 
city of sound is somewhat augmented 
with the temperature. The tempera- 
ture of the lake, when the experiments 
were made by Messrs. CoUadon and 
Sturm, was 46° according to Fahren- 
heit; if it had been 50°, the rate of 
motion would have been 4864 feet. per 
second. 

148. In sea water sound moves even 

k2 
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faster than in fresh; its average rate of 
motion being 4900 feet per second. 

SEC. in. THE RATE AT WHICH SOUND IS 
PROPAGATED BY SOLIDS. 

149. Solid substances, for the most 
part, convey sound still more rapidlv 
than water ; and, in some cases, with 
a velocity 14 or 16 fold greater than 
its rate of motion in atmospheric air. 

150. M. Biot* has satisfactorily 
Exp. of tested the relative velocities of 
^*°^' sound as conducted by air and 
by metal. A bell was suspended at the 
mouth of an iron pipe 3000 feet in 
length, and a metal ring was so adjusted 
round the orifice, that when the hell 
sounded and transmitted its vibrations 



* Jean Baptiste Biot, astronomer and natural phi- 
losopher, was bom at Paris, in 1773, and is still living. 
He was a pupil of Laplace, and assisted Gay Lussac in 
some of his interesting researches. He has published 
a large number of works on astronomy, the baro- 
meter, mathematics, and physics. One of his best is 
a treatise, in 4 vols., on Experimental Physics. 
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to the air contained in the tube, the ring 
struck against the conduit, and com- 
municated vibrations to its metal walls. 
In this experiment, the vibrations of 
the ring conveyed along the sides of 
the tube, reached the ear of the observer 
a considerable time before he heard the 
sound of the bell. 

151. The following would be in- 
teresting variations of the same putound 
experiment, and capable of easy «~-p*p*- 
trial. Let some one fire a pistol at one 
extremity of a long gas-pipe, and the 
person who applies his ear to the other 
end will hear the report twice. He will 
hear it almost instantaneously, as it is 
conducted along the metal walls of the 
conduit, and again, a considerable time 
afterwards, as it comes lagging through 
the ambient air. 

152. Or, again : if at early morning, 
when the air is calm and the iron 
neighbourhood quiet, you apply *'"**^* 
your ear to one end of the hand-rail of an 
iron bridge, while some one at the other 

K 3 
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extremity strikes upon *he bar or para- 
pet, you wiU hear the report of the 
blow twice. The first and loudest will 
be delivered by the metal, and the 
second by the air. 

N. B. Sound traverses iron somewhat more 
than 16 times faster than it circulates in air. 

The last two experiments could not 
of themselves be admitted as proof, 
though they may be taken as corro- 
borative evidence of the point under 
consideration. It will be seen that the . 
circumstances are not equal, inasmuch 
as the sound-waves have, in one case, 
the whole field of air, in which to 
spread in constantly enlarging con- 
centric circles, whereas in the latter 
they can propagate themselves only in 
one dif^ection. In the former case the 
diffusion is by squares, in the latter by 
lines. This objection, however, does not 
rest against the experiment of M. Biot 
(150.), inasmuch as the air was con- 
fined in a tube. And as the result in 
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all three cases is exactly the same, 
the objection is in reality of no valid 
force. 

153. Gay Lussac * has mentioned an 
analogous phenomenon in the p.rif 
quarries of Paris. If any one *»'*^*"- 
strike with a hammer against these 
rocks, a person standing at the furthest 
extremity will hear the report con- 
veyed first by the rocks, and then again, 
after a lapse of some seconds, by the 
air. 

154. The same observation has been 
made in blasting rocks in the Min«of 
deep mines of Cornwall. ^ ^"'''"' 

155. The rate at which sound is pro- 
pagated by various solid sub- Tawcof 
stances has been carefully tested ^*'**'*"** 
by Chladnif, to whose observations 
the following tables are due, in which 
the velocity of sound in air is taken for 
unity: — 

* Gay Lussac, see No. 78. note. 
t Chladni, see No. 135. note. 
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I. Metals. 

Faster than in air. 
Tin - - - - 7-50 

Silver - - - - 9 

Brass ... - 10*66 

Copper - - - - 12 

Iron and steel - - - 16*66 

II, Woods. 

Oak, walnut, yew, and plum - 10*66 

Fear and red beech - - 12*50 

Maple - - - - 13*33 

Mahogany, elm, alder, and birch -* 14*40 

Lime and cherry - - - 15 

Willow, pine, and white deal - 16 

III. Promiscuous Substances, 

Whalebone - - - 6*66 

Tobacco-pipe - - - 10 

Ebony - - . - 14*40 

Glass . . - . 16*66 

Of all these substances, therefore, 
glass, iron, and steel transmit sound 
the fastest. Next, — willow, pine, and 
common deal. 

Of metals, tin transmits sound the 
most slowly; and of woods, oak, walnut, 
yew, and plum. 
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CHAPTER V. 

NUMERICAL EVALUATION OF SONOROUS 
VIBRATIONS. 

Sec. I. — ^Relatire evaluation. 
§ 1. — ^First canon of the stretched string. 
§ 2. — Second canon. 
§ 3. — ^Third canon. 

Sec. n. — Positire evaluation. 

Sec. m.— Physical causes of concord and discord. 

Sec. rV. — ^Actual size of sonorous waves. 

SEC. I. RELATIVE EVALUATIONS. 

156. It has been stated already (63.) 
that the pitch of a sound depends on 
the Apidity with which the vibrations 
succeed each other. K very rapid, the 
sound produced is exceedingly shrill ; 
if less rapid the note elicited is more 
bass, flat, or grave. 

157. The canons of vibrating strings 
which had engaged the attention of 
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philosophers for above half a century, 
Tayiort were first established by Dr. 
<»"°"-- Brook Taylor*, of Edmonton, 
who published his valuable treatise, 
called Methodic Incrementum, in the 
year 1716. 

158. These canons were established 
„ ^ by means of an instrument called 

Monochord. •' i i t . 

a monochord T or sonometer, 
which consists of a single string of wire 
or catgut, fixed at one end, and stretched 
by a weight at the other over a frame. 
The tetision of the string is increased 
or diminished by increasing or dimi- 

* Dr. Brook Taylor, of Edmonton, Middlesex, 
died in 1731, at the age of forty-six. He published 
numerous treatises ; the principal of which are the 
following: The Stretched String; Methodus Incre- 
mentam; The Centre of OsciUcUion; The Ascent of 
Water between two Olass Planes \ Magnetic Attraction; 
and Linear Perspective, 

t The invention of a monochord, to show the in- 
tervals between different notes, is due to the famous 
Pythagoras, who flourished about 500 years before 
the Christian era. Claudius Ptolemy, the celebrated 
astronomer, measured and proved by it all his in- 
tervals. The monochord now generally employed is 
a modification of the same instrument by Savart. 
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nishing the weight attached to it ; and 
the length of the vibrating part is varied 
by means of a moveable bridge on which 
the string rests, 

159. Suppose the string of a mono- 
chord adjusted for any given stretched 
note, and you require to pro- •*^"'** 
duce its octave: this may be accom- 
plished in three different ways: (1) By 
shortening the string; (2) By stretch- 
ing it with a greater weight; and (3) By 
employing another string less heavy. 
If the first of these plans be adopted, 

ou must shorten the string one-half. 

f the last^ you must use a string of 
half the weight. If the middle plan 
be preferred, the weight employed to 
stretch the string must be four times 
as heavy as the former. 

§ 1. First Canon of the stretched String. 

160. The vibrations of stretched 
strings are in inverse propor- 

. I l«t Canon. 
TION TO THEIR LENGTHS, Or, m 

other words, as a string is lengthened it 



fi 
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vibrates more slowly and produces a 
graver note; as it is shortened it vibrates 
more quickly and renders a higher note. 
161. The diminution of length need- 
ful in order to obtain the suc- 
length of cessive notes of an octave is not 

eacb string. i /« • i 

the same for any two intervals. 
If a string 180 lines* long give the C of 
any octave, it must be shortened 20 
lines in order to obtain D, 16 more to 
produce E, only 9 more for the next 
note F, 15 more for G, 8 for A, and 1 2 for 
B. Supposing the length of the string 
in the first instance to be one yard or 
one foot, it will be found by the mono- 
chord that the relative lengths of string 
for the seven successive notes will be 
as follows : 

BELATIYS LENGTH OF EACH 8TBING. 

C D E F G A B C octave. 
1 * t * f * A i 

These numbers also denote the comparative 
lengths of organ-pipes. 

* 180 lines =: 15 inches. A line is the unit of 
length. 
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That is, if a string 1 yard or 36 
inches long give C, in order to produce 
D it must be fths of a yara or 32 
inches ; in order to produce E it must 
be ^ths of a yard or 28^ inches ; in 
order to produce F it must be ^ths of 
a yard or 27 inches, &c., and in order 
to produce the octave it must be ex- 
actly half its original length. 

162. The above scale of notes is 
named the diatonic scale. The lowest 
note of the scale is termed the funda- 
mental, tonicj or key-note ; the others in 
succession are called the second, third, 
fourth, fifth, sixth, and seventh. Thus 
in the scale of C, E is the third, G the 
fifth, and so on. The fifth note is also 
called the dominant^ and the third the 
mediant The fourth is the sub-diom\' 
nant, and the sixth the super-Aom\x\i\T\t. 
Similarly the note next before the 
tonic is called the stib-Xomo., and that 

* Diatonic is compounded of two Greek words, 
Zia. rSvos (by tone) ; t. e. a scale consisting of tones, oi« 
made by tones. 

I. 
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which immediately follows the tonic 
the super-tonic. Thus 

NAMES OF THB NOTES OF A SCALE. 



Ist 


2Dd 


3rd 


4th 


5th 


6th 


7th 


Oct. 


TaMc 


Set 


Mediat. 


S«b> 


Dani. 


JSS^ 


Sab. 
tanic 


Tteic 



163. As the number of vibrations 

from different strings is always 

number of lu ttiverse pvoportion to their 

Tibntions. i^g^f^^ ^jjg relative number of 

vibrations of any given octave may be 
obtained by inverting the fractions of 
the table on page 108. Thus : 



BELATIYE HUMBSB OF YIBBATlOliS.* 

D E F G A B C 



ForC 
1 

Fundamen- Third, or 

tal, or Tonic. Mediant. 



Fifth, or 
Dominant. 



OcUve. 



* Those who find it difficult to understand the 
proportions of fractional quantities may, perhaps, ob- 
tain a more distinct idea of these relative vibrations 
by the following whole numbers. 

For CDEFGABC 

Rel. vib. 24 27 30 32 36 40 45 48. 
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That is, in the time that C is making 
8 vibrations D makes 9 ; in the time 
that C is making 4 vibrations E makes 
5 ; in the time that C is making 3 
vibrations F makes 4, &c. ; and in the 
time the fundamental note makes 1 
vibration, its octave makes 2. 

164. It will now be readily under- 
stood why the strings of a harp Harpttnnga 
or ot a pianotorte differ in»ength. 
length; and why their diflference of 
length is not uniform. 

165. It will also be evident that 
the performer on a violin, vio- \?oiiiiut|i 

t Ti 1 . ' 1 shift their 

loncello, and guitar, shifts the fln««^ 
FINGERS of his left hand at unequal 
distances along the several strings, in 
order to increase or diminish the vibrat- 
ing part to the length corresponding 
with the note required. 

In tuning a violin, the player rarely depends 

From which it appears that, for every 24 vibrations 
made by C (the fundamental note), D makes 27, £ 
30, F 32, &c., and the octave 48. 
l2 
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entirely on his ear. He more frequently places 
his finger on such a part of the next lower string 
as to leave -two-thirds between the bridge and 
his finger, and one^third between his finger and 
the nut ; by this means he so stops the string 
that the vibrating part is to the entire length as 
2 to 3. If now the next higher string yields 
exactly the same note as the shortened one, they 
are both in tune, because the strings of a violin 
are tuned in fifths, that is, the whole length of 
the second string yields a note which is the 
major 5th of the bass string ; the fundamental 
note of the third string is the same as the major 
5th of the second ; and the whole length of the 
treble string yields the same note as two^thirds of 
the third string. By turning to thd table (161.) 
under letter G, which is the fifth from C, will 
be found the fraction §, showing that the ratio 
of length between a fundamental note and its 
major fifth is as 2 to 3. If, therefore, a lower 
string be so stopped as to be only f of its entire 
lengthy it will yield the major fifth, or the same 
note as the entire length of the string next 
above it. 



§ 2. The Second Canon of the stretched 
String. 

166. The vibrations of stretched 

2nd Canon. STRINGS ARE IN PROPORTION TO 
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THE SQUABE ROOT OF THEIR TENSION.* 

If the string of a monochord stretched 
by the weight of 1 lb, render a cer- 
tain number of vibrations in a second, 
and you wish, without altering its 
length, to obtain from the same string 
the octave, a note which gives twice 
the number of vibrations in the same 
time, you must change the weight 
for one of 4 lbs. If, again, you would 
obtain from the same string the double 
octave, which makes three vibrations 
for one of the fundamental, you must 
apply a weight equal to 9 lbs. If you 
wish to procure from the same string, 
without altering its length, the triple 
octave, a note which vibrates /<?M7' times 
as fast as the fundamental, you must 
attach to the end a weight of 16 lbs., 
and so on. 

167. Hence it may be perceived that 

* The square of 1, 2, 3, 4, 5, &c. 

is 1, 4, 9, 16, 25, &c. 
The square root of 1, 4, 9, 16, 25, &c. 
is 1,2, 3, 4, 5, &c. 
1.3 



114 RELATIVE VIBRATIONS, [chap. v. 

the tighter a string is drawn, the faster 
Relation it vibratcs, and the sharper or 
pftehlSd higher its pitch. On the other 
tension, jja^d, the looser a string the 
slower its vibrations, and the flatter or 
graver the note which it renders. 

168. This axiom is practically fa- 
Tuning nailiar to every one who has 

stringed in- • ^• • j. m • i • • ^ 

strumenu. Seen B. viounist timing his instru-^ 
ment. When any string is too fiat^ he 
screws it up tighter ; when too sharp, 
he relaxes it a little. Harps, guitars, 
pianos, and all other stringed instru- 
ments, are tuned on a similar principle. 

169, In a concert, it is customary 
to tune the instruments em- 

S^umenu* ploved uot ouly when the per- 

inaconcert. J. '' •' i ^ • 

formance commences, but again 
at the beginning of the Second Part. 
This arises from the hot vapour of the 
room, which has a diflFerent effect upon 
different instruments. It relaxes all 
metal strings^ rendering them too flat j 
but makes all wind instruments and 
catgut strings somewhat too sharp.' 
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Hence pianofortes can rarely keep to- 
gether with violins and wind-instru- 
ments during a concert. 

The hot breath of the performers has probablj 
more influence upon wind-instruments than the 
mere vapour of the concert-room (298.) 

170. Metal strings are generally a 
little too SHARP in dry frosty influence 
weather, because the cold con- SnTSng" 
denses them and increases their ten- 
sion. In hot summer weather, they 
are somewhat too flat. On the other 
hand, catgut strings become more 
tightly twisted in dry weather, and as 
their length is thus increased, their 
tension is less and their pitch more 
flat. Humidity has the contrary effect ; 
by insinuating between the fibres it 
untwists the catgut, shortens the 
length of the string, and renders it of 
course more sharp. 

As catgut is shortened in damp weather and 
lengthened in dry, it is not unfrequently em- 
ployed to indicate the hygrometrical state of the 
air. 
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§ 3. The Third Canon of the stretched 
String. 

171. When strings have the same 
length and tension, but diflFer in 

Srd Canon. p. -■ . , ' t . 

weight or tnickness, their vibra- 
tions ARE IN INVERSE PROPORTION TO 

THEIR WEIGHT. If a given string make 
a certain number of vibrations in a 
second, another twice as heavy will, 
under similar circumstances, give only 
half the former number of vibrations 
in the same time ; one thrice as thick 
will make one-third as many ; and one 
four times as heavy will render only 
one-fourth the number of the first string. 
This canon may be easily remembered, 
because a fraction, having unity for its 
numerator or top figure, and the rela- 
tive weight for its denominator or 
bottom figure, will represent the rela- 
tive number of vibrations made by any 
given string. Thus if a string of a given 
length weigh 1 ounce, another which 
weighs 2 ounces will make ^ the num- 
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ber of vibrations ; a third which weighs 

3 ounces will make ^ the number of 
vibrations ; a fourth which weighs 

4 ounces will make ^ as many ; and 
so on. 

The same rule applies to the first canon, only 
length must be substituted for weight. 

172. This law finds an illustration 
in the common practice of Ba«i 
making bass strings of musical •*""**• 
instruments thicker or of a heavier 
material than the treble ones. Some- 
times a metal wire is coiled round 
the lower strings of a harp or piano 
to increase their weight. Sometimes 
different metals are employed, as cop- 
per, brass, and steel, the heaviest 
metal being always made to represent 
the lowest note. Of all materials the 
best adapted to bass notes is platinum 
wire, then gold, then silver, then copper, 
then brass, then steel, then silk; cat- 
gut, the last of the series, being best 
suited for treble notes. When catgut 
and silk are enjilated^ that is twisted 
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with a coiling wire, their tone will be 
depressed in proportion to the weight 
of the metal employed. 

The lowest bass notes of a piano-forte are 
generally made of brass covered with copper 
wire, the medium bass-strings of steel covered 
with copper wire, the upper bass of brass wire 
without any coil, and all the rest of the strings 
of steel. 

SEC. II. POSITIVE EVALUATION OF 
SONOROUS VIBRATIONS. 

173. The monochord or sonometer 
serves only to determine the Relative 
number of vibrations corresponding to 
the eight successive notes of an octave; 
but M. Savart*, whose experimental 
investigations have thrown so much 
light upon the physics of sound, in- 

* Felix Savart was born at Mezi^res, in France, 
and died at the ase of fifty, in the year 1841. This 
celebrated naturid phoilsopher has acquired an Eu- 
ropean reputation for his ingenious and successful 
researches in the science of acoustics, and for the 
invention of several instruments to demonstrate the 
actual numerical value of vibrations corresponding to 
any given sound. 
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vented a very simple machine for the 
purpose of determining the actual num- 
ber of vibrations made in a second by 
any given note. 

174. His apparatus for this purpose 
is simply a wooden frame with ai^art'i 
two wheels. The larger one, •p«*"*"«- 
turned by a winch, being furnished with 
what is technically termed an endless 
band to connect it with the axis of a 
small toothed wheel. When the ma- 
chine is put in motion, these teeth strike 
against the edge of a card or thin plate 
of metal, and produce sounds corre- 
sponding in pitch to the velocity with 
which the wheel revolves. 

If any one desire to make such a machine, let 
his model be a knife-grinder's apparatus, with 
toothed wheels in the place of grindstones. The 
card can be very easily adjusted. 

175. As each tooth causes the card 
to vibrate once, it is easy to ascertain 
the exact number of vibrations corre- 
sponding with any sound produced, 
merely by counting the number of 
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teeth which have struck against the 
edge of the card or elastic plate. 

176. By means of this ap- 
Pitch A. paratus it has been as- 
certained that the " pitch note" 
of an orchestra, which is A 
in the treble clef, is produced by 853 
vibrations in a second. 

Taning-forks differ a little in pitch. The one 
Savart tested was the tuning-fork employed in 
tlie French Opera-house at Paris. 

177. Having ascertained the nume^ 
rical value of this one note, and know- 
ing the relative value of the rest (163.), 
the actual number of vibrations made 
in a given time by each note of the 
gamut may be determined by simple 
multiplication and division. 

178. Suppose, for example, you wish 
Vibration, to feuow thc actual number of 
ofCj. vibrations necessary to produce 
C of the same octave as the pitch note. 
You first search for the fraction which 
expresses the value of A. This you 
find (163.) to be f. As you want a 
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lower note you must multiply by the 
smaller number and divide by the 
larger. Thus : 853 x 3-5-5 = 512, the 
number of vibrations which produce 
the C in question. 

179. In a similar way every other 
note may be calculated. Let^^^ ^^^ 
us take the C already found for 
our starting point, and ascertain the 
exact value of the seven successive 
notes. They will be as follows.* 

NcofVi ) CDEF GABC 
bration..j5i2 576 640 682 768 853 960 1024 



I 



3 



rcti^- 



la 



-o- 



Tt-^ 



Fundamental. 



Octave. 



In order to find these numbers, you 
must seek (163.) the fractions which re- 
spectively represent them, then multiply 
512, the number given, by the larger 
or upper figure, and divide by the 
smaller or lower figure of the fraction. 

* Erard*s seven -octave pianofortes extend three 
octaves below and four octaves above this scale, 
which contains the orchestra key-note. 

M 
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180. By halving the numbers of one 
Tones of c, scale we obtain the numerical 
•°* ^*' value of the octave helow^ and 
by doubling them we have the number 
of vibrations made by the notes in the 
octave above. 

181. In physics it is customary, for 
Unit tone *^® ^^^^ of bciug moFc cxplicit, 

to call the scale which contains 

the pitch A the unit tone*, and 

~~ to designate it thus, C^. The 
~ notes in the clause 179. belong 
to this scale. The octaves be- 
low are respectively designated C C._i 
C_ 2 C._s. The octaves above are Cg C3 
C4 C5 &c. 

♦ Tone here means the series or family of seven 
notes belonging to any given tonic or base. 
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182. TABLE OF ACTUAL VIBBATIONS 
CORRESPONDING TO BACH NOTE OF A 
SEVEN-OCTAVE PIANO, 





c 


D 


£ 


F 





A 


B 


c^ 


S2sS> 


96 


40 


43 


48 


53 


06 
ISO 
240 

480 

960 

1920 
3840 
7680 


C_a 


64=t« 


7S 


80 


85 


96 


106 


c_, 


1S8-87 


144 


160 
32 


170 


192 


813 


Middle 
C 


256=29 


288 


341 


384 


426 


Ci 


512=89 


57 


640 


688 


768 


Pitch 
A 
853 

1706 
<3413 


c. 


1024s8"> 


1152 


1280 
8560 


1365 


1536 


Cs 


»>48=2" 


2904 


2730 


3072 


C4 


40g6»2» 


4606 


5180 


5461 


6144 


6826 



1st 

OcUve 



2nd 
OcUve 



Mid.C 



pitch A 



5tb 
OcUye 



6th 
Octave 



7th 
Octave 



m2 
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Consequently the lowest C of a 
seven-octave piano makes 32 vibrations 
in the same time that its highest C 
makes 4096. 

N.B. The table given in the previous 
page is made for single vibrations ; 
those who prefer to consider one con- 
densation and one rarefaction as com- 
posing a perfect vibration or sound- 
wave must divide each number by 2. 

183. To obtain the numerical value 
Sharps and of a skaiy^ you must multiply 
^^^' the natural note by 25 and di- 
vide by 24. To obtain a flat you must 
multiply by 24 and divide by 25. 
Whence it appears that while the tonic 
makes 24 vibrations, its sharp makes 
25 ; and that while the tonic makes 25 
vibrations, its flat makes only 24. 

SEC. III. PHYSICAL CAUSES OF CONCOBD 
AND DISCORD. 

184. Certain musical combinations 
are agreeable to the ear and pro- 
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duce harmonious sounds, while certain 
others are disagreeable and produce 
discords. 

185. Of the former sort are the 
unison, third, fifth, and octave. conco«u 
The second and seventh are SJa?*" 
discords. 

186. Musical sounds may be com- 
pared to a series of dots equi- sound, 
distant from each other, thus : bydS!."**** 



The smaller the interval between 
these dots or pulses, the higher the 
tone ; and the greater the interval, the 
lower or graver the note. 

If the distances between the dots be 
not equals or if the dots be irregularly 
scattered, they represent a confused or 
unmusical sound. 

187. To represent two simultaneous 
tones, it will be needful to draw 
two dotted lines, one below the ^"*'°""' 
other ; and the most pleasing combina- 
tions of sounds will be represented by 

M 3 
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those lines in which the dots of one 
most frequently accord with those of 
the other. Thus an unison^ which is 
composed of two tones of identical 
vibrations, may be represented by two 
lines of equi-distant dots, thus : 



• •••••••• 

188. When the difference between 
Concorde thc bcats or vibrations of two 
Discordf. jiQt^g ig in a low ratio, so that 
the ear can readily discern the relation 
between them, the ear is pleased, and 
we call the combination a concord ; but 
if the s3nichronisms of the two series 
of vibrations are so few and far be- 
tween that the ear cannot easily detect 
them, it is dissatisfied, and we call the 
combination a discord. 

The following are the most im- 
portant concords : 

189. Octaves, in which the lower 
note makes one vibration, while 

Octave, ^j^^ upper makes two. In this 
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combination, the beats chime together 
in the proportion of 1 to 2. Thus : — 

• O I • O I • O I Octave. 

9 1 • I # I FundamenUl. 

190. The next most perfect com- 
bination of sounds is that of ^^.^^^^^ 
the fundamental and its major 
FIFTH, as when C and G are sounded 
together. By turning to the table 
(163.), the fraction ^ will be found 
under the letter G, which means that 
G makes 3 vibrations while C makes 2. 
Thus : 

• o I • o I • o I c 

Here each alternate vibration of the 
fundamental note coincides with the 
harmonic ; consequently this concord is 
only half as full as the octave. 

191. In MINOR FOURTHS, the lower 
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Minor 4th -^^^^ makcs 3 vibrations while 
' 'the higher makes 4. Thus : — 

• OOOI #000 I •OOOI F 

After every coincidence, therefore, the 
lower note of this chord makes twoj and 
the upper note three vibrations, which 
do not coincide or beat together. 
192. The SIXTH, as when C and A 
„ ^ are sounded together, is called 

Sixth. , /•111 

an imperfect chord, because it 
may be made with either a major or 
a minor interval. The relative vi- 
brations of these two notes are 3 to 5. 
Thus : — 

•o ol#o ol«o o|c 

The synchronisms of this chord are, 
therefore, very little less numerous than 
those of the minor fourth. 
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193. The last chord is that of thirds, 
which is also imperfect or alter- ^^^^ 
able to either the major or 
minor interval. Of the two the major 
mode forms the better chord, the rela- 
tive vibrations being in the proportion 
of 4 to 5. Thus: — 

• 0000|«0000|«0000|E 



• ooo \ m ooo !• GOO lc 

Here every coincident beat is followed 
by three vibrations of the one note and 
four of the other, which do not time 
together. The minor third, being in 
the proportion of 5 to 6, is inferior in 
sjmchonous beats to the major. 

194. Mark now the difference be- 
tween the precedinff harmonies ^. , 
and what are called discords ; 
and it will be seen that the beat of the 
former vibrations may be likened to 
the regular tramp of an army on the 
march, while those of the latter are as 
confused as the noise made by the feet 
of a tumultuous crowd. 
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195. In analysing discordant sounds, 

Seconds ^^ ^^^^ "^^ ^^ nccdful to go into 
•nd*"^ detail, but merely to state that 

sevenths. _ , ^ _ •' - 

the beats of seconds coalesce in 
the remote proportion of 8 to 9, and 
those of SEVENTHS in the still feebler 
ratio of 8 to 15. {See No. 163.) 

196. The same synchronism of vi- 
r. n u ^ brations which renders two con- 

Full chords. - , . 

cordant notes so agreeable, 
makes a full chord pleasing and har- 
monious. Take, for example, the most 
complete chord in harmony composed 
of the fundamental, third, fifth, and 
octave, as the chord of F, composed of 
F, A, C, and the octave ; the chord of 

C, composed of C, E, G, and the octave ; 
and the chord of G, composed of G, B, 

D, and the octave. In every case the 
number of vibrations may be reduced 
to the formula 4, 5, 6, and the octave ; 
which means, while the fundamental 
note of the chord makes 4 vibrations, 
the second note makes 5, and the third 
note 6. Consequently, the beats of 
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the two octave notes coalesce in the 
proportion of 1 to 2 ; those of the first 
and third in the proportion of 2 to 3 ; 
those of the third and octave in the 
proportion of 3 to 4 ; and the second 
note synchronises with all the others 
in every 5 beats, after the following 
manner : 



• 


o • o • o • o 


• 


o • o • o • o 


8th 


• 


O O • O 


• 


o o • o o 


5th 


• 

• 


coo 

• • • 


• 
• 


o o o 

• • • 


3id 

l8t 



The black dots indicate the coincide^it 
vibrations. 

N. B. A perfect major chord consists of the tonic 
or fundamental, the major 3rd, a just 5th, and the 
octave. Bj lowering the 3rd of the major chord a 
semitone, we obtain the minor^ which consists, there- 
fore, of the tonic, the minor 3rd, a just 5th, and the 
octave. 

197. The DOMINANT SEVENTH is, after 
the perfect common chord, the Dominant 
most important in harmony. It *'****''**^ 
consists of four notes and the octave, viz. , 
the fundamental, major third, just fifth. 
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and minor seventh. Hence it will be 
seen that a perfect major chord be- 
comes a dominant by the addition of 
the seventh. It will be found on trial 
that the additional note is a little re- 
fractory, and that, therefore, the syn- 
chronisms of the dominant seventh^ 
though sufficiently numerous to be 
agreeable, are less so than chords com- 
posed of three notes and the octave. 

This chord is called dominant^ because the 
bass note is always the 6th or dominant of 
the tonic. It is called seventh^ because an in- 
terval of the seventh separates its extreme notes* 
There are in music nine varieties of this chord, 
in eight of which the seventh is minor. There 
are two chords (the major and minor ninths), com- 
posed of Jive tones. These chords are the same 
as the dominant seventh with the addition of ano- 
ther note taken from the superior octave. The 
additional note is the nirUh from the funda- 
mental ; and, consequently, a dominant ninth 
consists of the fundamental, major third, just 
fifth, minor seventh, and ninth. 

The reduction of the several vibrations made 
by the respective notes of a perfect major chord 
into the formula 4, 6, 6. and the octave, as men- 
tioned above (196.), will be manifest from the fol- 
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lowing proof. According to the note subjoined 
at the foot of page 1 10., the relative numbers of 
vibrations of any eight successive notes are as 
follows : — 

For CDEPGABC 

Vibrations 24 27 SO 82 36 40 45 48 

Fund, or Third or fifth or OcUf c. 

Tonic. Mediant. Dom. 

The chord of F = F A C^ 
(Reduce by 8.) 32 40 48 = 4 5 6. 

The chord of C = C E G 
(Reduce by 6.) 24 30 86 = 4 5 6. 

The chord of G = G B D, 
(Reduce by 9.) 36 45 54 = 4 5 6. 

Another curious fact is that the three major 
chords referred to above furnish of themselves 
all the eight notes of the diatonic scale, C, D, E, 
F, G, A, B. 

Every other chord of the scale requires a sharp 
to render its third major. 



SEC. TV. ACTUAL SIZE OF SOUND-WAVES. 

198. Knowing the number of vibra- 
tions which correspond to any given 
sound, and the rate of motion at which 
sound travels, it is easy to determine 

N 
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the exact size of any particular wave 
by dividing its rate of motion by the 
number of its vibrations. 

199. Thus, suppose sound to travel 
in air at the rate of 1120 feet 
per second, and you wish to know 

the amplitude of the sound-waves pro- 
ceeding from the "pitch-note" of an 
orchestra, or A in the treble clef; you 
must first turn to the table (182.) to 
ascertain the number of vibrations 
made by the required note, which you 
will find to be 853 per second. Divide 
1120 by 853, and the quotient will be 
the length of the wave required one 
second after it has been created. 

200. The length of the waves pro- 
ducing C-3 is found by dividing 1120, 
the velocity of sound, by 32 ; the re- 
sult is 35 feet, which is just the length 
of an open organ-pipe capable of sound- 
ing this note. The next note C-g would 
be produced by a pipe of half the 
length, or 17^ feet ; middle C, which 
is produced by 256 vibrations in a 
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second, by a pipe 4f feet ; and the high- 
est note C5 by one a little more than 
an inch-and-a-half. 

201. It appears from the experi^ 
ments of Despretz that the limit umiu 
of perceptible sounds depends *»'~"~'- 
only on the force necessary to make 
the organ of hearing vibrate, and that 
even two vibrations are sufficient to cha- 
racterise a sound. Such a sound must, 
of course, be exceedingly grave, being 
four octaves lower than the lowest C 
of a seven-octave piano. 

202. The highest or shrillest sound 
appreciable by the human ear, accord- 
ing to the same authority, corresponds 
to 73,000 vibrations in a second. The 
amplitude of the waves made by the 
former after a second is 560 feet ; of 
the latter considerably less than the 
fifth part of an inch* 

♦ This wave is AVirth of an inch ; the^A of an 
inch =^TA.. So that the wave in question is less 
than the finh of an inch by the rf f ^th part. 

n2 
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203. The most ingenious application 
Bum of acoustic instruments has been 
of gnau. ^^^^ Qf ji^g 44 SIREN*," to calcu- 
late the number of vibrations neces- 
sary to produce the buzzing, droning, 
and humming of hisects. It has been 
ascertained that the noise made by a 
GNAT proceeds from a muscular action 
of its wings, which produces the enor- 
mous number of 15,000 vibrations per 
second. Comparing this with the high- 
est note of a 6f octave piano, which 

* The Siren, invented by the ingenious M. Cag- 
niard de Latour in 1819, consists chiefly of two per- 
forated plates parallel to each otner. 
The lower plate, P P, is fixed ; and the 
upper one, p p, which does not touch 
the lower, turns freely on a vertical 
axis, A. A jet of water, thrown 
obliquely through the lower plate, sets 
the upper one in motion ; which, in 
moving, covers and opens alternately 
the holes of the lower plate, producing 
a musical sound corresponding in 
shrillness to the rapidity of the rota- 
tion. The velocity is regulated by the 
fbrce of the jet ; and the number of rotations are 
marked by the clocks. 



0© 
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is A3 and gives 3413 vibrations in a 
second, we find the pitch of the " gnat's 
trumpet" is more than two octaves 
higher. The chirp of the cricket, and 
the cry of the grasshopper, are the 
results of a still more rapid succession 
of vibrations, while the hissing noise 
of some of the serpent tribe has been 
computed to proceed from the almost 
incredible number of 24,000 vibrations 
in a second. 



n3 
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CHAPTER VL— PART I. 
VIBRATING MUSICAL INSTRUMENTS. 

Sec. I. — Stringed instruments. 
§ 1. — Played with a bow. 

JEx. — Viohn, viola^ violoncello^ double bass. 
§ 2. — Struck with the fingers. 

JEx, — Harp, guitar, 
§ 3. — Struck with hammers. 

JEx, — Pianoforte. 

Sec. II. — Instruments with metallic tongues. 
JEx, — Musical snuff-box^ Jews'-harp, Repeater, 

Sec. III. — Instruments of percussion. 
§ 1. — Those which ring. 

JEx, — Tuning-fork^ beU^ musical glasses, tri- 
angle, cymbals, gong, 
§ 2. — Those furnished with an elastic mem- 
brane. 
JEx.-^Drum, Tambourine, 

204. Musical instruments may be 
classified under four grand divisions : 
(1) AS^nw^^fl? instruments; (2) Instru- 
ments with metal tongues or reeds ; (3) 
Instruments of perctission ; and (4) 
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Wind instruments. Each of these 
classes contains two or more distinct 
species. 

SEC. I. STRINGED INSTRUMENTS. 

205. Stringed instruments may be 
ranged under three heads: (1) those 
played by a boto ; (2) those struck by 
the fingers ; and (3) those struck by 
hammers. 

§ 1 . Stringed Instruments played hy a 
Bow. , f 

206. The most important qf these, 
and the prince of all instru- 
ments, for the concert-room * is 

the VIOLIN. Made to obey the touch, 
it speaks the impulse of the genius 
which awakes it. At one time simple 
and melodious, it charms the hearer 
with its touching harmony and pastoral 
simplicity. At another time, animated 
and enlivening, it excites the spirit and 
leads the dance. In the hands of a 
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Viotti* it dives into the heart with its 
grandeur, fire, and audacity; under 
the bow of a Tartinif it is plaintive 
and full of grace. Let a Corelli J touch 
it and it charms the audience with its 
melody; let Gavini6s§ bid it speak, and 
it is the soul of sweetness ; with a Pug- 
nanijl it is wild, noble, and sublime. It 
can be pathetic under the fingers of one 

* J. B. Viotti was the first Tiolinist of his i^. He 
was a Piedmontese, who settled and died in London, 
1824, aged sixty-nine. 

t Giuseppe Tartini was the son of a wealthy 
Italian who died at Padua, 1770, aged seven ty-ei^ht. 
He was the author of a vast number of musical 
pieces. 

X Arcangelo Corelli, a native of Fusi^ano, in 
ItAly, the founder of a school of violinists, died 
1713, aged sixty. He was the best performer on 
the violin of his aee ; and his work, called Opera 
fuinta^ is indispensable as an elementary work to that 
instrument. 

§ Pierre Gavinies, the celebrated violinist, was born 
at Bordeaux, in France, and died 1800, aged seventy- 
four. At the age of fifteen he gave a concert at 
Paris, and electrified the audience by his extra- 
ordinary talent. He ma^ be called the founder of 
the French school of viobnists. 

II Gaetan Pugnani, founder of the Italian school of 
violinists, was lx)rn at Turin, in Italy, and died 1803, 
aged 8eventy«six. The King of Sardinia appointed 
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master, trifling under those of another, 
and grand under the touch of a third. 
No instrument known to man is so ca- 
pacious, so diversified in its character, 
so magic in its influence. It can excite 
or soothe, be gay or be sublime, can 
lead or follow, sustain or attenuate its 
sounds, bear a single role or take part 
in a full band. 

207. Such is the violin. The instru- 
ment itself consists of a shell ^^^^^^^ 
composed of two tables loined tiSn of 

I "111 /» 1 1 VlollM. 

together by bands of beech- 
wood. The upper table or sounding- 
board is made of deal, or of some very 
dry, elastic wood, entirely free from 
sap. The under table or back of the 
violin is generally of beech. The four 
strings are of catgut ; fixed at the upper 
end into a slip of horn ;. then thrown 
over a bridge; and, after traversing 
the neck, stretched by pegs to their 
proper tension. 

him first violin in bis chapel, and director of his 
concerts^ 
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208. The strings are occasionally 
naycdby struck by the finger, but are 
■****''• more frequently excited by a 
bow. When inflected by the finger, 
their vibratory motion may be seen by 
the naked eye ; the efifect from the bow 
is not so palpable ; but that similar 
vibrations are established may be de- 
monstrated by the following means: 
Place a few slips of paper astride one 
of the strings, and as soon as the bow 
is drawn across it, they will be thrown 
into such agitation that most, if not all 
of them, will be dislodged. 

209. The hair of the bow is rosined 
Rosined ^^ ordcr to increase its friction. 

As the bow is drawn along, the 
hair sticks to the string over which it 
moves, giving it a series of little 
twitches, each of which produces a 
vibration. And as these twitches are 
repeated so long as the bow continues 
its friction, the vibrations are renewed 
and the sound sustained. 

210. It may, perhaps, appear re- 
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inarkable that musical sounds, created 
by a series of jerhs^ should sound con- 
nevertheless be smooth and con- ^*""'*"** 
tinuous, as if each note were the eflFect 
of a single vibration, instead of being 
composed of numerous little beats, 
pulses, or throbs. This arises from 
the constitution of our organ of hear- 
ing. When the drum of the ear is 
struck, the eflFect continues for the 
twelfth part of a second after the blow 
has ceased * ; if, therefore, sound-waves 
follow so rapidly as to succeed each 
other at smaller intervals of time 
than the twelfth of a second, the im- 
pression of the previous impulse will 
be renewed before the sensation has 
had time to subside. In an analogous 
manner, a stick burnt at one end 
moved- backwards and forwards with 
rapidity, appears to make a continuous 
line or circle of light. 

* So also the effect of a blow on a common drum 
continues after the drumstick has been removed from 
the head. 
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211* It may not be uninteresting to 
xrnxk draw attention to certain mi- 
•Kiitoia«d. imtigg in the construction of 
violins, which seem at first sight of 
minor importance, but which, neverthe- 
less, perform their role in the general 
ellect produced* In the first place, it 
is not without design that the strings 
are inserted into a slip of horn ortchcLU- 
hx^fWy called the oueue^ attached to a 
button in the heaa of the instrument. 
The object of this arrangement is to 
vv^^>/> th^ vibiMtions at this particular 
)^\rt. The queue cannot propagate 
the vibrations of any one string by 
n\4sou of the counteracting and un* 
ts^ual tensions erf the others ; a reac* 
tioi>^ therefore, takes place upon the 
bri<l^5ix\ the agimtion of which is pro- 

:Jl:i* I'he vibr^torr motion of the 
\ ss ^ *< riuis^ e^u^es'the bridge to tilt 
^ vKNV oar \i.^nc>t o^i fr^^r ritiY t^r the ri^^m^ 
^\\\\ vNv^umunu^ite to it corresponding 

vUMi^rKx^i^ riu^^^ vibrations ane nes^t 



Soul of 
a violin. 
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impressed on the air in the body of the in- 
strument^ and thence to the back-board. 

213. Between the face and back a 
small prop is placed under the 
right foot of the bridge. The 
object of this prop, called the sound- 
post or " soul" of the violin, is not so 
much to support the "belly" under 
the pressure of the strings, as to make 
the face and back vibrate in exact 
unison. Much of the beauty of the 
instrument depends on the precise po- 
sition of this post. 

214. Hence it appears, that not only 
the strings, but the bridge, the pyame 
face, the sound-post, the back, ^»»^"^" 
and all the air contained in the body 
of the violin, contribute to produce 
the sound elicited, and, by vibrating 
in unison with each other, to increase 
its volume. If, indeed, only the stnngs 
vibrated, the air would be struck by 
such Q.jine line, that the force of the 
shock would be insignificant ; but 
when a large surface, such as thq 

o 
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entire body of the violin is set in mo- 
tion, the impulse is sufficient to pro- 
duce sounds of considerable power. 

215. The face of a violin is curved, 
s,ape Of and the waist bowed inward, to 
violin*, gj^g room for the play of the 
bow upon the two outside strings. 

216. A dancing-master's kit con^ 
Kit and tains strings like those of a 
double ban. yioKn, but its sounds are as 
feeble as its size is insignificant. On 
the other hand, the lower notes of a 
DOUBLE-BASS are at times sufficiently 
powerful to shake the benches of a 
theatre or concert-room. 

217. As the materials of the in- 
Materiaiof strumcnt Itsclf contribute so 
imyru^t. greatly to the sound, the tex- 
ture, nature, and quality of the wood 
employed must be exceedingly import- 
ant. If from any cause the body of a 
violin will not vibrate in unison with 
the strings, antagonistic vibrations 
will be established, and the effect pro- 
duced will be disagreeable as that 
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of a cracked bell. Green wood is 
especially improper, as the sap and 
various degrees of dryness in the dif- 
ferent molecules must eflfectually pre- 
vent uniformity of vibration. 

218. There can be little doubt that 
the 61d Cremonas* or Araatisf cremonas. 
owe their unrivalled excellency 
more to the nature and antiquity of 
the wood of which they were made, 
than to any secret peculiarity in their 
construction. Certain is it that all 
violins improve with age, and that the 
gradual change wrought in them by 
wear and tear, as well as by the con- 
tinual agitation of their molecules, is 



* CremOna is a general name given to violins made 
at Cremona, the capital of Milan, in Italy, between 
the years 1700 and 1722, by the Amati family and 
a pupil named Stradivarius. 

t Amati, his pupil Stradivarius, his two sons Jerome 
and Anthony, together with his grandson Nicholas, 
were all violin makers at Cremona, whose instru- 
ments were never e<jualled. 

Next to the ancient Cremonas, the violins made 
by Jacob Steiner, and those by two Tyrolese named 
Ivlotz, are the most esteemed. 
o2 
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favourable to their sweetness and to 
their purity of tone. 

219. The same observation is appli- 
organ- caWe to planofortcs and -to 
p*P"- organ-pipes. The main reason 
why the organs of one builder are so 
superior to those of another, is chiefly 
owing to the skill with which the 
materials are selected. A slight and 
almost imperceptible difference in the 
alloy of an organ-pipe, or some almost 
indiscernible difference in the grain, 
state, or quality of the wood employed, 
will suffice to depreciate or enhance 
the value of an organ to an almost in- 
credible amount. 

220. Violinists have the power of 
damping or subduing the sound 

Sourdine. /» , -i *■ • • , . ^t ^ 

01 their mstruments by placmg 
astride the bridge a piece of metal 
called 2i sourdine* or mute. The effect 



♦ Sourdine, from the French "sourd," deaf or 
dvM, Sourdines are sometimes made of box-wood, 
sometimes of ivory or silver, but most frequently of 
brtoss. 
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of this clasp is to prevent the tilting 
or dancing of the bridge, and Its con- 
sequent communication of vibrations to 
the body of the violin. Its action is iu 
some little measure due to its weight ; 
in some measure also to its inability 
to sympathise with any one string in 
consequence of its free position amongst 
them all ; but more especially to its 
pressure^ by means of which the uni- 
form density of the bridge is inter- 
rupted, and its vibrations interfered 
with. 

221. The VIOLA or "tenor'* is iu 
size and pitch between the ordi- ^.^^^ 
nary violin and the violoncello. 
It has four catgut strings, of which the 
third and fourth are covered with silver 
wire to increase their weight. It is 
tuned C, G, D, A, reckoning upwards, 
exactly an octave higher than the vio- 
loncello, and a fifth lower than the 
violin, which is tuned G, D, A, E. The 
Viola is essential to fill up the void 
which would otherwise exist betweo*" 

o3 
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the second violins and the bass. It 
introduces an harmonious mean, and 
augments considerably that " body of 
tone" which constitutes the richness of 
concerted music. 

222. Of instruments played with the 
,,. , « bow, the next in importance to 

Violoncello. , ' . ,. , , ^ 

the violm is the violoncello. 
It was invented at the beginning of the 
17th century by an ecclesiastic named 
Tardieu, and was originally mounted 
with 5 strings ; the second D-string 
was, however, soon retrenched, and 
the instrument reduced to its present 
form.* By nature the violoncello is 
noble, majestic, grave, and touching, 
but, like the violin, it takes its colour 
from the genius of the person who 
plays it. It forms an essential accom- 
paniment to an orchestra, and can 
express also, with considerable eflfect, a 
solo, sonata, or a national air. 

* It was reduced to its present form in 1727, by 
Buonocini, master of the chapel of the king of 
Portugal. 
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As far as the science of physics is 
concerned, the observations already 
made respecting the violin may be 
applied generally to the viola, the vio- 
loncello, and to all other instruments 
of the same family. 

223. The strings of a violin, viola, 
and violoncello, are tuned in s^e of the 
fifths from each other; those of '*°""'*'- 
the double-bass are generally tuned in 
fourths* The lowest note of a violin 
is G below the second under-line of 
the treble staflF; from this point a 
tolerably skilful player has at his com- 
mand a scale of three octaves and a 
sixth. Music for the violin is written 
in the G or treble clef. 

Each of the four strings of a violin, G, D, 
A, E, is reckoned to have a scale of two octaves 
or 15 notes ; but, in reality, the skill of the per- 
former alone sets the limits of his instrument. 



* Such at any rate was the custom of Dragonetti 
and Aufossi, though some other musicians adopt a 
different arrangement. 
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224. A VIOLONCELLO has also 4 cat- 

scaieofthe gut stHngs, Called C, G, D, A. 
vioionceuo. ^j^^ flj,g^ ^^^ ^^.^ covered with 

silver wire to increase their weight. The 
compass of this instruraent is reckoned 
to be somewhat more thsLufour octaves^ 
beginning from double C, and extend- 
ing to the highest E obtainable on the 
violin. 

225. The double-bass has three 
Scale of the strfngs ; but in Germany a 
double baM. fQ^Y\\i is generally added. The 
notes are for the most part written in 
the bass clef an octave higher than they 
are played. Its scale is about 11 notes, 
the first of which is an octave below 
the double C of a violoncello.* 

226. Before quitting the subject of 
Shape violins we would subjoin a few 
of violins, rgyjiarks upon their peculiarly 
fanciful and expensive shape. Ac- 
cording to the experiments of Mons. 

* The double-bass is sometimes tuned C, F, B ; 
and sometimes A) D, G. 
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Savart* in 1819, a simpler form would 
be at once more economical and equally 
efficient. For example, if the two holes 
cut in the face of these instruments 
in the shape of an S were parallel, 
square, round, or oblong, the air in the 
body of the violin would more freely 
communicate its vibrations to the ex- 
ternal air. 

The position of the bar, commonly 
called the bar of harmony^ run- B«rof 
ning along the under-surface of **""^"y' 
the face, for the purpose of strengthen- 
ing it and intercepting the longitudinal 
vibrations, is decidedly ill-arranged. It 
is placed a little on one side of the axis 
or middle line of the instrument, and 
the sounding post is fixed at a similar 
distance on the other side of the axis. 
According to Savart, the bar of har- 
mony ought to be placed exactly along 
the central line, in order to equalise 
the vibratory power on each side. 

♦ Savart, see notice at the foot of page 118. 



1 
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Again, the contracted waist of a 
Violin violin, and fhe curve of the face 
''■^'* and back, may perhaps serve to 
give the bow more liberty of action, 
but certainly interrupt the vibrations of 
the violin, which would be more free if 
the two tables were flat, like those of a 
guitar, and if their outline were un- 
interrupted. 

227. With a simpler construction any 
Cheap tolerable mechanic may make 
viQiint. ^f gj^^ ^^^Y a good violin or 

violoncello for a few shillings. 

According to Savart, 1. The vaulted 
form of the face and back of a violin 
may be dispensed with. 

2. The face should be thickest in the 
middle and thinnest at the edges. It is 
best made of two pieces having one 
edge 2^ lines thick, and gradually taper- 
ing to 1 line to the opposite edge. The 
two thick edges should be glued to- 
gether. 

3. The sides should be straight, 
forming a trapezium, parallelogram, or 
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wedge-like shape, the small end ter- 
minating in the neck or handle. 

§ 2. Stringed Instruments struck by the 
Fingers. 

228. One of the best as well as most 
ancient of musical instruments is the 
HARP. It was known to the Egyptians, 
and frequent mention is made of it in 
sacred Scripture. It was a great fa- 
vourite with the ancient Irish, Scotch, 
and Welsh, figures conspicuously in 
the national arms of Ireland, and, if we 
may believe Galileo, is of Irish inven- 
tion. The modern harp is in the form 
of a triangle with three unequal sides. 
It contains from 35 to 42 parallel 
strings tuned in semitonic intervals, 
and is played by the thumb and fingers 
of both hands. The lowest note is 
generally E E, two octaves below what 
is termed "middle E." The strings 
are all of catgut, attached to a curve 
called the arc-boutant^ and stretched 
by iron pegs inserted in the key-board. 
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The C-strings are coloured red^ the F- 
strings hlue^ and the rest white. Those 
nearest the upright column are the 
thickest and longest, the first 6 or 8 
being coiled with copper wire to in- 
crease their weight ; the rest decrease 
gradually in thickness and length as 
they represent the higher notes. The 
command of this delightful- instrument 
is greatly increased by the addition of 
pedals moved by the foot of the per- 
former. By this contrivance three se- 
veral notes can be elicited from any 
one string. No instrument has re- 
ceived greater or more valuable im- 
provements from the industry and inge- 
nuity of modem artists than the harp. 
In its present state, it is not only a 
model of elegance, but is also capable 
of " discoursing most excellent music." 
It is, however, far better adapted to the 
touch of a lady in the drawing-room 
than to the public orchestra. 

229. Music for the harp, like that 
for the pianoforte, is written in two 
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parts, the G clef being used for Mu.ic for 
the treble, and that of F for the ''****^- 
bass. 

230. The guitar, an instrament in- 
vented by the Moors, has six strings^ 
three (E, A, D) of silk covered „ ., 

• 1 -t • 11 /•>! Guitar. 

With silver wire, and three (G, 
B, E) of catgut. The interval (B G) 
between the second and third strings is 
a third; the other four intervals are all 
fourths. The finger-board is divided 
into 17 frets, disposed by semitones at 
regular intervals. The capacity of the 
instrument is nearly three octaves. It 
has very little power of sound, but is 
not to be despised when a skilful hand 
executes on it a cavatina*, ballad, or 
serenade.f The guitar is best em- 
ployed as an accompaniment to the 
voice ; and, as its forte is in chords, it 
is ill-adapted to solos. 

* A cavatina is a abort air without a second part ; 
it is sometimes relieved by recitative. 

f A serenade is a ditty performed at nigbt under 
the window of one's ladye-love. 
P 
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231. The strings of a guitar, like 
Played those of a harp, are struck by 
byflngert. ^^^ fiiigers ; the sounds thus 
produced are reinforced by resonance, 
as well as by the simultaneous vi- 
brations of the wood-work, and of the 
air contained in the body of the 
instrument. 

232- The face or sounding-board of 

a guitar is always made of some 

ttoSof soft white wood, in order to 

guitar*. •' . , , ' /» 1 • 

secure in this part of the in- 
strument the greatest possible amount 
of vibration. It is pierced in the 
middle with a round hole, called a rose, 
to let out the vibrations of the air 
contained in the box. The bands and 
lower table are made of maple, beecli, 
or some other fine-grained wood. 

§ 3. Stringed Instruments struck by 
Hammers. 

233. The only instrument of this 

« class deserving notice is the 

PIANOFORTE, invented by J. C. 
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Schroder, of Dresden, in 1717, and 
introduced into England by Zumpie, 
a German tradesman, in 1766. Within 
the present century it has received so 
many valuable improvements that it 
may now be ranked amongst the noblest 
and most elegant instruments in the 
whole compass of musical practice. 
The pianoforte is peculiarly a lady's 
instrument. Always graceful, it is a 
suitable ornament to the drawing- 
room. Always sociable, it is the solace 
of the domestic hearth. Peculiarly 
sweet, it is always pleasing. Sufficiently 
easy of execution, it is always popular ; 
so that scarcely a house of ordinary 
respectability can be found without a 
piano, and scarcely a lady of moderate 
education who cannot touch it at least 
with tolerable skill. Many is the hour it 
beguiles which would be otherwise full 
of ennui; many a re-union it enlivens 
when conversation begins to flag ; and 
many a winter's evening it has cheered, 

p2 
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and many a jaded spirit it has ex- 
hilarated. It might almost be called 
the good Genius of women, for never 
invention aflforded them more innocent 
amusement, more accessible diversion, 
and more agreeable relief. There is 
something truly poetical in ivory keys 
touched into harmony by the light 
fingers of a graceful and elegant woman. 
There is something irresistibly bewitch- 
ing when that harmony is accompanied 
by a gentle voice. In the hands of a 
professor the piano can pathetically 
complain, or elegantly trifle, or repeat 
the simple melodies called national 
airs; it can at times startle the ear 
with its brilliancy, move the heart 
with its boldness, and even verge upon 
grandeur and sublimity ; but how ex- 
quisite soever may be the skill of a 
professor, the piano is infinitely more 
attractive at home under the touch of 
a friend or relation, than in the hot 
and gaudy concert-room, for which it 
is but ill-adapted. 
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234. The strings of a pianoforte are 
struck by little hammers so ar- ^.^^^^ 
ranored that when the performer •punded by 

,p . * hammers. 

Strikes a key, its hammer strikes 
the corresponding wires, and causes 
them to vibrate. The air resting on 
these strings, being thrown into so- 
norous vibrations by the shock, beats 
against the sounding-board and 
"belly*" of the instrument, inducing 
similar vibrations, which are ultimately 
imparted to the external air. 

235. The different strings of a piano- 
forte vary in length, weight, and ten- 
sion, the treble strings being the 
shortest and lightest, and the deep bass 
strings being covered with copper wire 
to increase their weight; but as the 
pitch of a string may be made obedient 
to its tension, the length and weight 
are generally regulated by conve- 

* The " belly" of a pianoforte is that smooth thin 
board over which (he strings are distended, and 
which, by its yibrations, greatly contributes to the 
tone of the instrument. 

p3 
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nience rather than by mathematical 
precision. 

236. The general compass of a modern 
piano is a diatonic scale* of 6| octaves, 

* Diatonic scale means a scale which proceeds by 
a succession of tones, as in the scale C, D, E, F, G, 
A, B. Though the interval between E and F is in 
reality only a semitone, yet it is customary to reckon 
it an entire interval for the sake of simplicity. The 
intervals of the diatonic scale may be better under- 
stood by inspecting the figure subjoined, in which it 
will be seen that the space between E and F, like 
that between B and C, is only half the size of all the 
other intervals. 

7 8 
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It is not essential that every piece of music begin 
on C ; but it is absolutely essential that the intervals 
between 3 and 4, 7 and 8, should preserve the same 
relative proportion. Thus, suppose a scale to begin on 
G, then the interval between £ and F will no longer 
be the 3rd and 4th from the key-note, but the 6th and 
7th ; consequently something must be done to make 
this interval larger. This is accomplished by raising 
F to F**, by which means a whole tone will then 
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beginning two octaves below gamut 
C in the bass ; but Sebastian Erard has 
naanufactured pianofortes which con- 
tain seven complete octaves. 

237. The sounding-boakd should be 
made of some light pale wood, sounding- 
The slit cut along it in the *^'^'^- 
shape of a fanciful curve, as well as 
the two carved openings covered with 
silk in the front board, are designed 
to allow the air in the case to play 
more freely on the external air; so 
that the wooden lining called the belly, 

exist between E and F. The other semitone, from 
B to C, may remain, bein^ between the 3rd and 4th 
seats. Again, the interv^ between the 7th and 8th 
notes should be only a semitone, whereas from F to 

G is a full tone ; but as F has been raised to Ff, this 
interval has been rectified, and the scale is correct. 
This explains why sharps and flats are introduced into 
different scales. It is m order that the intervals be- 
tween the notes may uniformly preserve the same 
formula as that given in the diagram, which repre* 
sents the key of C. 

In order to obtain the formula of the minor scale, 
the same diagram may be taken, commencing from A 
instead of C. The first semitone will thus occur be- 
tween the 2nd and 3rd notes, and the second semi- 
tone between the 5 th and 6th. 
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the sounding-board, and the vast body 
of air enclosed, all vibrate in unison 
with the strings, and contribute to 
augment the force of the sound. 

238, As musical strings continue to 
vibrate some instants after they 

ampcn. y^^^^ j^^^j^ struck, aud the sound 

of a previous note mixing with a sub- 
sequent one would often produce a 
discordant combination, small levers, 
called dampersj capped with cloth, are 
so disposed against the several wires 
that when a key is struck the corre- 
sponding damper is drawn away from 
the strings it controls, to give them 
room to vibrate ; but no sooner is the 
linger removed from the ivory key, 
than the damper falls back upon the 
wires and stops their further vibration. 

239. Some pianos have two pedals, 
e ^ ^ 1 one to damp the sound, and ihe 

Soft pedal. , f . ' 

other to intense it. When a 
piano has but one, it is always the 
fort6 pedal. The usual action of the 
"soft pedal" is to shift the hammers 
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sideways, so that they strike only one 
string instead of two, or two strings 
instead of three for each note.* 

240. The action of the " forti pedal" 
is to lift the dampers off ^^^ ^^^^^^^^ 
strings^ so that each set of strings 
may have a larger field of vibration^ 
and that all the strings together may 
contribute to swell the force of the note 
struck by reciprocal vibrations. Im- 
mediately the foot is removed, the 
hammers and dampers return to their 
original position, and the eflfect of the 
pedal ceases. 

Reciprocal vibrations are either those pro- 
duced in one musical instrument by sounding 
another near it, or those produced on different 
strings of the same instrument by the vibrations 
of only one of their number. The harmonics of 
the Eolian harp are of this nature, being pro- 
duced by the conmiuni cation of motion from one 
string to another through the medium of inter- 

* Grand pianos have three strings to each note ; 
others have rarely more than two. I have, however, 
seen pianos of French manufacture with three strings 
to the bigh treble notes, and two to all the other 
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yening air. In unisons the sound of reciprocal 
tones is far louder than in the harmonics. 

When a string of a violin or harp is sounded, 
it makes to vibrate not only all the other strings 
of the same instrument, but ail the strings of all 
the instruments in the entire orchestra. Those 
of the same pitch vibrate in unison, the others 
contribute some harmonic of the note struck. 

Even the string over which a fiddle-bow is 
drawn renders not only the very note struck, but 
certain others which blend with it. Thus a 
fundamental note elicits also the third a,nd ^/th^ 
or the 12th and 17th, whereas an harmonic calls 
the fundamental into reciprocal vibrations. 

SEC. II. INSTRUMENTS WITH METALLIC 
TONGUES. 

241. Stretched strings are fixed ri- 
gidly at both extremities; but quills, 
reeds, and vibrating tongues at one 
end only. 

242. When strings are fixed at both 
^ ends, the octave of any inven 

Canon of ' - ... i , •'t °i . 

metallic notc may be elicited by hamna 

tongues. » J %J 

the length of the string. Thus, 
if a cord of 2 feet produce Cg, a similar 
cord of 1 foot would render Cg, while 
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another 4 feet long would give Ci, 
the relation between the pitch of dif- 
ferent notes, and the length of their 
respective strings, being in simple in- 
verse proportion ( 160. ). This rule does 
not apply to reeds, quills, rods, and 
metallic tongues, fixed at one end and 
free at the other. In this latter case, 
the pitch is no longer in inverse pro- 
portion to the different lengths of the 
vibrating slips, but to the square of 
their respective lengths. Thus, if a 
steel tongue 4 inches long give Ci, a 
similar slip 2 inches long would not 
give Cg, but C4, and another \ an inch 
long would not render C3 , but C9 ; 
whence it may be inferred that tongues 
of the same weight, from which dif- 
ferent notes are required, approach 
each other in length much nearer than 
stretched strings. 

243. By soldering a small piece of 
metal on the under surface of those 
tongues which represent the lower 
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notes, the slips of an entire gamut may- 
be brought to form either a continuous 
line, or, what is more usual in practice, 
a uniform gradation of lengths. 

244. This will accoimt for the dimi- 
nutive size of this class of musical instru- 
ments; for as all the narrow slips of steel 
are nearly of a length, the manufacturer 
can enclose in the compass of a snuff- 
box a number of steel tongues sufficient 
to play any tune of ordinary limits. 

245. The musical snuff-box con- 
Muricai sists principally of a cylinder or 
snuffbox, barrel full of little brass pegs. 
When the barrel revolves, these pegs, 
striking against the edge of certain 
narrow slips of elastic steel rigidly 
fixed at the contrary extremity, hend 
them upwards. As soon as the pegs 
have left their hold, the tongues re- 
bound, and commence a series of vi- 
brations. The pegs are so arranged 
in the barrel that, by touching the 
proper tongue, any note may be pro- 
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duced according to the progress of the 
appointed tune. 

246. As these instruments are ex- 
tremely small, it is customary Mutkai 
to place them on a tahk or box S?Sfr 
in order to secure a large vi- ******* 
brating surface, and as much resonance 
as possible. The box or table, in this 
case, may be compared to a drum 
tuned in unison, and sounded by the 
shock of the sonorous vibrations in- 
stead of by a drum-stick. The Aar- 
monium is a gigantic musical snuff-box 
played by a key-board. 

247. The Jews' harp furnishes an- 
other example of the same sort. ^^^^^ 
This instrument is placed be- ^* ^^' 
tween the teeth and lips ; the steel 
tongue is then struck by the fore- 
finger, while a current of breath is 
directed between the two prongs. 

248. The different notes are pro- 
duced by varying the supply of Notion, 
breath, and by an adjustment •'«''•' *^»'t*- 

Q 
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of the lips. The Jews' harp, somewhat 
unjustly despised, is of a complex cha- 
racter, being partly a vibrating rod, 
partly a wind instrument, and in part 
a labial whistle or vocal hum. The 
performer hums or whistles the tune 
inaudibly between the prongs of the 
harp, the steel tongue enunciates the 
musical whisper, and the sound is 
augmented by resonance proceeding 
from the cavity between the tongue 
of the player and the palate of his 
mouth. 

249. The watch, called a repeater, 

invented by William Barlowe 

Repeater.. .^ igjg, is not stHctly spcakiug 

a musical instrument, but being of a 
similar character to the two mentioned 
above may claim a passing notice. 
The striking apparatus consists of two 
pieces of elastic steel, bent into a cir- 
cular form, rigidly fixed at one ex- 
tremity, and struck at the other by the 
compression of the spring. 
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SEC. in. INSTRUMENTS OF PERCUSSION. 

250. Instruments of percussion oc- 
cupy a place between stringed and wind 
instruments. Their musical sounds 
are not due to vibrating strings or 
tongues, fixed in a case or frame, like 
the harp, violin^ piano, and musical 
snufi^-box ; nor yet to the vibrations of 
a column of air independent of the in- 
strument enclosing it, as the flute, 
clarinet, trumpet, and organ ; but to 
vibrations made in the very substance 
of the instrument, and communicated 
by it directly to the adjacent air. 

251. Instruments of percussion may 
be subdivided into two classes: 1st. 
Those which ring^ as tuning-forks, bells, 
musical glasses, triangles, cymbals, 
gongs, &c. ; and, 2ndly, those fur- 
nished with elastic membranes^ as drums 
and tambourines. 



as 
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Tuning, 
fork. 



§ 1. Instruments which ring. 

252. We begin with the tuning- 
fork. When the point 
A of a tuning-fork has !:,,1 

been struck against some hard ■ ; 
substance, it is bent inwards, 
and made to approach the 
opposite limb, as at d ; being 
very elastic it rebounds and 
flies off in an opposite direc- 
tion c; again it sways for- 
wards, and again recedes with 
great velocity, till the instru- 
ment " is spent." 

253. During the process just de- 
scribed several physical^ disturb- 
ances are created. In the first 
place : when the prong ap- 
proaches the opposite branch, the air 
between the two is squeezed or con- 
densed, and forms the nucleus of a series 
of condensations diverging in every di- 
rection from the centre of disturbance. 
In the mean time the prong recedes, 




Howie 
creates 
sound. 
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the condensed air dilates in order to 
fill the hiatus, and thus establishes in 
the opposite direction a counter series 
of rarefactions. The two systems form 
those rapidly advancing and retreat- 
ing ripples of the air called sound- 
waves. 

254. The sound thus created is aug- 
mented by the opposite branch B. For 
as the condensed air presses against 
its interior surface, it pushes the prong 
back and sets it in motion ; after which 
the two poles of the fork vibrate in 
unison. 

256. The force of the sound is still 
further increased by the simultaneous 
motion of the outer rims of the two 
prongs, which alternately leave behind 
and push back the air in contact with 
them. As these new sound-waves are 
isochronous with the former series, 
they become incorporated with them, 
and. merely serve to increase their 
intensity. 

256. After a tuning-fork has be 
q3 



1 74 INSTS. OF PERCUSSION, [ch. vi. pt. i. 

excited it is customary to apply 
•^nSdto' the point of the handle to the 
*'**'**• back of a violin, the top of a 
table, or to some convenient surface* to 
render its tone more audible. For as 
it has no case or sounding-board of its 
own, the shocks which the air receives 
from it are limited to the narrow rims 
of the two branches ; as soon, how- 
ever, as the handle touches some ex- 
tensive elastic surface, as a table-slab, 
and communicates to it corresponding 
vibrations, it secures a very powerful 
auxiliary, by means of which the 
force of the sound is considerably 
augmented. 

257. The method of exciting tun- 
French me- ing-forks in France is very pre- 
iuiSg^'the" ferable to that observed in Eng- 
tuningfork.i^j^^ Thc two brauchcs of a 

French tuning-fork are made to in- 
cline inwards towards the top, some- 
what like a horse-shoe. A plug or 
small cylinder is inserted near the 

♦ Technically called the table of harmony. 
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crotch or widest part, and the fork is 
sounded by drawing the plug adroitly, 
with a jerk, upwards, till it clears the 
instrument. By this means both prongs 
are forced back at the same time, and 
oscillate together ; the sound is, conse- 
quently, much louder, and is free from 
that tinkling which results from per- 
cussion. 

268. When tuning-forks are too 
sharp^ the thickness of the Tuning- 
branches must be reduced, to '«»»«». 
render them less elastic. When they 
are too Jlatj they may be made sharper 
by shortening the prongs. A very slight 
alteration will suffice, inasmuch as the 
pitch is not inversely as the length of 
the vibrating part, but as the square of 
that length (242.). 

259 The invention of bells is in- 
volved in considerable obscurity, invention 
The ancient Egyptians seem °^*'*'^- 
to have made use of them to call the 
people to sacrifice. The Chinese affirm 
they were known in their countr^ 
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the time of Hoang-Ti, some 2600 
years before the Christian era. They 
were used in ancient Greece in the 
religious ceremonies of Cybel^ ; in Ca- 
ria, to announce the " sale of fish " ; 
and in Rome, to call attention to 
eclipses of the sun and moon. In 
regard to their introduction into mo- 
dem churches, Paulinus, bishop of 
Nola in Campagna, was the first to 
employ them in calling the " faithful " 
to prayers, a. d. 400. The first ever 
cast in England were in the reign of 
Edmund I. ; and his successor, in 960, 
caused the first tuneable set to be hung 
in the Abbey of Croyland*, in Lincoln- 
shire. 

260. The production of sound by 
means of a bell has been de- 
^"' scribed already (20.). The pitch 
and quality of tone in these instru- 
ments depend upon their shape, thick- 

* The largest bell in England is the Great Tom of 
Oxford, which weighs 17,000 lbs. The largest in the 
world is the bell of the Kremlin, which weighs 
443,772 lbs., and is worth above 67,000/. sterling. 
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ness, size, the admixture of metal which 
enters into their composition, the man- 
ner of exciting them, and the force of 
the blow administered. 

261. If the lip of a bell be made to 
curve outwards with a consi- Mouth of 
derable sweep, the note will be ***®*^"' 
deeper than when the mouth is less 
capacious ; because a large segment vi- 
brates more slowly than one of smaller 
dimensions. 

262. A bell with thin walls is deeper 
toned than one of equal size Thicknew 
whose walls are thicker ; because ***' **""* 
thin walls are more pliant, and less im- 
patient to return to their state of re- 
pose. 

263. A large bell renders a graver 
note than a smaller one ; because Large bem 
the two axes of the ellipse al- <*««p^"«^ 
temate more slowly {p. 12. note). 

264. Lastly, the more elastic the 
metal of which a bell is cast the higher 
will be its tone, the louder its sound, 
and the longer will its vibrations 
sustained. 
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265. The peculiarly harsh, disagree- 
cracked ^We Doise of a cracked bell 
*****"• arises from the want of unifor- 
mity and unison in its vibrations. The 
continuity of the walls being broken, 
each separate part throws off from its 
surface independent sound-waves. One 
series issues from the part opposite to 
the crack, another from the part con- 
tiguous to the crack, a third from the 
parts between these two extremes, and 
a fourth from the fissure itself. This 
medley of sounds jostling against the 
drum of the ear distresses it with their 
confusion, and produces a sensation 
harsh and disagreeable. 

266. After the explanations already 
Musical given little need be added to 
giHMet. render intelligible the rationale 
of MUSICAL GLASSES. This instrument 
was invented by Dr. Franklin of 
America (113. note), who gave it the 
name of hai^wnica^ because he thought 
its tones peculiarly harmonious. Under 
the hands of a skilful player, it certainly 
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has a wonderful sweetness, extraor- 
dinary purity, and truly dramatic effect. 
The force of the crescendo and the at- 
tenuation of the notes is almost un- 
paralleled ; while the tripping delicacy 
of the "runs" is equalled only by the 
musical snuff-box. 

267. Though the harmonica is excited 
by friction, yet is it essentially Manner of 
an instrument of percussion, "uililf 
like a bell; inasmuch as the **"^ 
action of rubbing is in reality a series 
of rapid and minute blows, which in the 
aggregate become suflSciently powerful 
to develope sound, and even heat. 

268. The usual method of exciting 
musical glasses is to rub their rims 
lightly with the middle or long finger, 
wetted with water impregnated with 
acid or alum. When the right hand is 
used, care should be taken to go up the 
left side and down the right ; the re- 
verse direction being observed when- 
ever the left hand is employed. 

269. The friction of the fin;^ 
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against the edge of the glass drives 
outwards the part touched. The dis- 
turbance being communicated to the 
adjacent parts forces the circle into an 
elliptical form. A reaction takes place 
almost immediately, in consequence of 
the great elasticity of the glass, and the 
axes of the ellipse are reversed (20. 
note). By this shortening and lengthen- 
ing of the transverse diameters, the am- 
bient air is alternately condensed and 
rarefied with sufficient rapidity and 
regularity to produce musical sounds. 

270. A set of musical glasses of con- 
chcaphar- sidcrablc power and sweetness 
motiica. jjjg^y ^^ arranged at very slight 
expense, by purchasing at a warehouse 
some twelve or fifteen glasses of dif- 
ferent size and note. The selection 
may be made from finger-glasses, 
beakers, soda-water and wine-glasses. 
In order to bring all their rims to a 
common level, the shorter ones can be 
mounted on wooden pedestals. If a 
deeper or flatter note be required from 
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any glass, a little water, either acidu- 
lated or impregnated with alum, will 
serve to depress it to the proper pitch. 
This homely harmonica, after a few 
hours' practice, may easily be made 
obedient to the touch and fancy. 

271. Any one who can play the flute 
may with ease select glasses to compose 
a perfect scale ; for by blowing strongly 
on the flute any given note, every glass 
in the warehouse of the same pitch will 
ring in unison. 

One of the harmonics^ as, for example, a third 
or fifth, will also cause the fundamental note to 
vibrate, and vice versa; but in this case the 
sympathetic sound will be very feeble, whereas 
in unisons it will be full and decided (240. note). 

272. Those who find any difficulty 
in making the glasses speak should first 
sponge their edges to remove the dust 
and grease ; then wash their hands in 
warm water to soften the skin; and, 
having wiped them dry, dip the finger 
to be employed in cold water impreg- 
nated with acid or alum. 

K 
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273. Triangles and cymbals are 
instruments of percussion. The former 
instrument consists of a triangular rod 
of steel open at the apex and struck 
with a small hammer of the same 
metal. Cymbals are made of two me- 
tallic plates, about a foot in diameter, 
which are clashed together to mark 
the rhythm or measure of military 
music, dances, and overtures. In both 
these instruments the percussion in- 
duces in the metal a tremulous motion, 
which is communicated to the adjacent 
air. 

274. Gongs are commonly used in 
^^ China, sometimes for the same 

purposes as bells in Europe, 
and sometimes for the sake of adding 
to the clangour of martial music. 
They resemble in shape a tambourine, 
but are made entirely of a mixture of 
copper and tin. 

275. A gong is excited by striking 
the head with a mallet or kind of drum- 
stick covered with leather. The sound 
is brought to its full force very gradu- 
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ally. The first blow produces only a 
deep bass note; but by timing the 
strokes skilfully, the tone rises, and 
ultimately acquires an intensity suf- 
ficient to make the very earth tremble. 
The noise and uproar of a Chinese vil- 
lage on a festive day, when gongs are 
sounding in every direction, are such as 
to astonish and bewilder any foreigner 
who may chance to be present.* 

276. The sonorous power of the 
gong depends on the reciprocal pene- 
tration of the substances which com- 
pose the instrument ; the mean density 
of the two metals having been consider- 
ably augmented by their admixture. 

GoDg metal consists of 5 parts of copper and 1 
part of tin. The specific density of Chinese 
copper is 9000, and of tin 7299 ; whereas the 
mean density of the two together is ahout 8900. 

* As the Chinese employ the gong, the Romans 
used to employ the cymbals. No religious pro- 
cession, no village f<Ste, no marriage festival was 
carried on at ancient Rome in which the clangour of 
these instruments was not introduced. Hence Ovid 
designates cymbals by the epithet genialia. 
n2 
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§ 2. Instruments furnished with elastic 
Membranes. 

277. The most important of this 
Drums ^^^^ ^^^ DRUMS, which EFe of 

three kinds : 1. the military or 
side drum*; 2. the Turkish or bass 
drum ; and, 3., the kettle-drum. 

278. The two former are hollow 
cylinders of brass, oak, or walnut wood, 
covered at the two ends with vellum 
so held at the rim as to be stretched 
or released at pleasure by means of 
small cords or braces acted on by 
sliding knots of leather. . A small hole 
is pierced in the middle of the cylin- 
der, to give passage to the vibrating 
air. Double or kettle-drums are gene- 
rally played in pairs, and are tuned to 
the tonic and dominant of the piece 
performed. In appearance they re- 
semble a kitchen copper, the lid or 
covering being of vellum or goat-skin, 

* So called because it is hung at the side of the 
drummer when it is beaten. 
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held down by an iron hoop, and tight- 
ened or relaxed by screws fixed at the 
side. Such, at least, was the custom 
till Mr. Cornelius Ward patented his 
lever movement^ by which method the 
tone of a kettle- drum may be altered 
so rapidly that any simple tune may 
be played on it in ordinary time. 

27y. When cylindrical drums are 
required to sound in chords to each 
other, as C, E, G, Cg, their lengths 
must be in the proportions of 4, 5, 6, 8. 

280. Drums, like triangles and 
cymbals, are employed to mark the 
rhythm or measure of military and or- 
chestral music The parchment head 
is struck either with two sticks or by 
a single one ; the part struck is forced 
inwards by the blow, but, being elas- 
tic, rebounds and takes up a vibratory 
motion. 

281. The membrane in its oscilla- 
tions becomes alternately tighter and 
more loose ; by one action it draws in 
the cylinder, and by the other lets it go 

R 3 
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causing it to vibrate. In the mean- 
time, the air both within and without 
is impressed by the impulses of these 
movements. Hence, the parchment 
heads, the oscillating cylinder, and the 
air within and without the drum are 
all "exciting causes" of sound; but 
the chief body of tone proceeds doubt- 
lessly from the resonance of the cy- 
linder.* 

282. The pitch of a drum is elevated 
by increasing the tension of the vellum, 
because by this means its elasticity is 
augmented ; but, after a certain limit, 
stretching the drum-head greatly en- 
feebles the force of sound. For when 
the vellum is extremely tight, its 
vibrations are so small that the shock 
given by them to the air is wholly 
insignificant. 

283. When the parchment head is 

* The largest drum in the world is at Pekin, the 
capital of China ; it is thirteen feet in diameter. At" 
each of the divisions of the night a sentinel strikes 
upon this enormous drum, and is answered at the 
other extremity of the city by a " ring '* of bells. 
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damp its elasticity is injured, and the 
tone of the drum becomes more flat. 

284. Tambourines are instruments 
of a similar character to drums. Tam- 
They consist of a piece of parch- *»"*"«•• 
ment stretched over the top of a broad 
hoop of walnut-wood, furnished with 
" gingles " or bells. 

285. The tambourine is sounded 
either by sliding the finger along the 
parchment, or by striking it with the 
knuckles,, fist, elbow, knee, head, or 
foot. This instrument, called in Scrip- 
ture "a tinkling cymbal" (1 Cor. 
xiii. 1.), was a great favourite with 
the Jews, and is still much admired 
by the Biscayans, and by the coloured 
population of North America. 
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CHAPTER VL— PART II. 

WIND INSTRUMENTS. 

Sec. I. — Breath instruments. 
§ 1. — With a simple mouth-hole, and open at 
one end onlj. 

Ex, — Pan-pipe^ box-key. 
§ 2. — Those in which the wind enters at one 
end, and comes out at the other. 
Ex.^Flutea, fifes, 8fC, 
§ 3. — Breath instruments with a beak and 
mouth. 

Ex.—FkLgeolet. 

Sec. II. — Reed instruments. 

Cry of papers^ leave* of plants, bird- calls, music 

of straws, leeks, nettles, and bulrushes, 
§ 1. — Reed instruments with one flexible reed. 

Ex. — Clarinet. 
§ 2.— With two flexible reeds. 
Ex. — Hautboy, bassoon. 

Sec. III. — Musical instruments with a cup mouth- 
piece. 

§ 1. — Those without keys. 

Ex. — Trumpet, trombone, horn, (fc. 
Sec. IV. — Whistles and whistling. 

Ex. — Bird-call, dog-call, peach-stone, elder wood, 
hazel-nut, whisUing of wind amovg rocks, 
through fissures and key -holes, lip-whistle, 
whistling through the teeth, through the fingers, 
by the fist. 
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Sec. V. — Instruments with bellows. 
§ 1. — Organ mouth-pipes. 
§ 2. — Organ reed-pipes. 
§ 3. — Promiscuous remarks on the organ. 
§ 4. — Miscellaneous instruments with bellows. 
Sx, — Barrel-organ, orckestrina or Jiarmonicon, 
harmonipkon, harmomcum, eolophon, semphin, 
accordiouy concertina^ and bag-pipe. 



286. Wind Instruments diflfer es- 
sentially from those already described. 
They contain no vibrating strings, nor 
steel tongues, nor stretched parchment. 
Neither is the substance of the instru- 
ment the sonorous body, as is the case 
with bells and cymbals ; but the air 
contained in the tube, set in motion by 
the breath or by a pair of bellows. 

287. That the air is in reality the 
sounding body in these instruments, 
and not the walls which confine it, will 
appear evident from the following con- 
siderations: 1st. The sound is not ar- 
rested by a touch. If a finger be laid 
upon a bell, triangle, or drum-head, the 
sound is instantly silenced, because the 
weight of the touch arrests the vibra- 
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tions ; but the two hands of a flutist, 
the pressure of the entire grasp of a 
trumpeter, and even the additional 
weight of the arm in certain wind- 
instruments, do not in the least im- 
pede their sound, or even affect its 
quality and pitch. 2ndly. The sound 
of all " ringing " instruments is mate- 
rially influenced by the thickness and 
nature of the material which constitutes 
them. A thick bell gives a higher note 
than a thin one ; a silver bell renders 
a note of different pitch to a brass one, 
and this latter to one of bell-metal. 
This is not the case with flutes. It is 
a matter almost of indifference, so far 
as pitch is concerned, whether the tube 
of a flute be thick or thin, whether it 
be made/ of paper or wood, of ivory, 
glass, or silver. So long as the instru- 
ment retains the same length, size, and 
shape, it will invariably render the 
same note. Without doubt the quality 
of that note will be affected by the 
material : in one case it will be more 
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sweet, more rich, mellow, and agree- 
able, in another more meagre, harsh, 
and displeasing ; but the pitchy that is, 
the exact gravity and acuteness of the 
instrument, is entirely independent of 
such circumstances.* 

288. The reason why the quality of 
the note is affected, and not the pitch, 
is because the former is due to the 
vibrations of resonance^ that is, vibra- 
tions emanating from the material of 
the instrument ; whereas " pitch " de- 
pends solely on the vibratory motions 
of the column of air, independent of 
the tube which confines it* 

289. Wind-instruments may be di- 
vided into two grand classes : Different 
1st. Breath instruments; and^p^'*"'* 
2ndly. Bellows instruments. The for- 
mer of which must be subdivided into 
four species, according to their respec* 
tive embouchures or mouth-holes: (1), 
those with a simple orifice or bore, as 

* If the walls of a wind instrument be very thin 
indeed, the pitch is depressed a trifle. 
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the pan-pipe and flute ; (2), those with 
a beak and mouth, as the flageolet; 
(3), reed instruments; and (4), those 
with a cup-like mouth-piece, as the 
trumpet. Some of these will require 
still further sub-division, 

SEC I. BREATH INSTRUMENTS. 

§ 1. Those with a simple Mouth-hole^ 
and open at one End only. 

290. Of instruments with a simple 
mouth-hole, and open at one end only, 
the most important is the Pan-pipe*, 
sometimes called the Mouth-organ. 

* In Greek mythology it is said that Syrinx, an 
Arcadian nymph, inspired by the love of Pan, went 
one day alone to the mountains of Lycseus to meet 
the rustic god. Pan, however, shocked the maiden 
by his rude behaviour. She fled to Ladon, her river- 
father, and requested to be changed into a reed. 
The god was not to be thus foiled ; for he instantly 
plucked the reed, and made of it a musical instru- 
ment. This pretty fable is merely an ingenious way 
of saying that the shepherd Pan remarked that a 
reed agitated bv wind rendered a melodious sound, 
and consequently plucked one from the banks of the 
Ladon, to make of it a pipe. 
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291. In order to make a box-key or a 

pan-pipe speak, the performer 
must blow across the orifice, 
and not directly into it. By 
this means the breath is split 
against the opposite edge; a 
part flies off exteriorly, and 
a part rebounding falls into 
the tube* The two parts by 
their respective impulsions condense 
the air against which they beat, and 
establish two series of vibrations, one 
outside and one inside the pipe. These 
do not in every instance exactly coin- 
cide, but the former is at least an 
harmonic of the latter, and imme- 
diately the vibrating air quits the 
tube, it takes up the harmonic and 
assimilates it to fortify its own note. 

292. In these instruments the sound 
is created by the impulsion of How.ound 
the breath against the edge of £?S?."'"*' 
the orifice. The column of air ^'^' 
confined in the tube is not, strictly 
speaking, the sounding body, but onlr 
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an auxiliary which serves to amal- 
gamate the resonance proceeding from 
the sides of the tube with the sonorous 
vibrations circulating through it. The 
sonorous body is that portion of the 
breath which strikes against the sharp 
edge of the embouchure. 

As soon as the breath enters the 
pipe, it condenses the air upon which 
it falls ; a series of condensations begins 
from this point, reaches the bottom of 
the tube, is reflected back again, and 
makes its way into the open air. In 
the mean time, each condensed portion 
dilates^ giving that tidal motion to the 
air always essential to the production 
of sound. 

293. Each reed of a pan-pipe has a 
Fundamen. ^^^® T[i0VQ casily clicitcd than 
LndTXr- a^y other ; this is called its fun- 
monics. damental sound, and is always 
the deepest which can be produced. 
By increasing the force of the breath 
several other notes may be elicited, 
which are called harmonics. 
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294. Suppose the fundamental note 
of a reed closed at one end to 

be C, its harmonics are (1), the "*a'JiT'* 
double fifth Gi; (2), the major '*'*• 
third of the double octave Eg", and (3), 
the flat seventh of the same octave 
Bjj2 or AJj. The following notes may 
also be obtained from the same pipe 
by skilful management of the breath 
and lips : D3, FJs, Al^s, Bg, &c. So that 
a pan-pipe with seven reeds has seven 
fundamental notes, and a considerable 
uumiber of harmonics. 

On all wind and keyed instruments, including 
the organ and piano-forte, the following sharps 
and flats are identical : viz. Cjf and Db, Djf and 
Eb, Fn and 0^, G» and A^, Af and Bb. On 
the violin, violoncello, &c., and on the trombone a 
slight difference exists between these respective 
notes. 

295. The reason why several notes 
can be drawn from the same ^^^^ 
reed is this : When a person p***"*** 
blows into it gently, the column of air 
contained in the tube divides itself 
into " half a loop," the knot being at 

s 2 
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the bottom, and the greatest swell at 
the orifice, thus : 

But when the breath is somewhat 
forced, the condensations and rarefac- 
tions succeed each other more rapidly, 
and a higher note is produced. As 
the vibrations are more rapid^ their 
amplitude is smaller (Chap.Y. sec. iv.), 
and the column divides itself into 
three equal parts, still preserving a 
knot at the bottom and a swell at the 
orifice, thus ; 



<rr>i<i 



an arrangement similar to the former 
thrice repeated. 

If the breath be still further enforced, 
the column of air will be divided into 
Jive equal portions, then into seven^ 
then into nine. Whence it will be 
seen that the nodal divisions of a tube 
closed at one endj follow the unequal 
series 1, 3, 5, 7, 9, &c. 
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296. By referring to the table given 
under No. 182., it will be seen that 
C gives 256 vibrations in a Hamonici 
second; this is the note we *»p***°"*- 
have supposed to be the fundamental 
one of the given reed (294.). As in 
the second instance the reed is divided 
into three equal parts, to find this bar- 
monic we must search for a note which 
vibrates thrice as fast as the former: 
this note will be G of the next octave, 
which gives 768 vibrations while C 
makes 256. For the second harmonic 
the pipe is divided into five equal 
parts ; the note produced, 'therefore, 
must vibrate five times as fast as the 
fundamental ; this by the table will be 
found to be E of the third octave, 
which gives 1280 vibrations while C 
makes 256. The next harmonic is 
procured when the column of air 
divides itself into seven equal por- 
tions ; this note, therefore, vibrates 
seven times as fast as the fundamental. 
Now 256x7 = 1792, and the near^ 

8 3 
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number we find in the table is A^, 
which gives 1706 ; the vibrations of 
this note are consequently too slow, 
and the harmonic in question is AJg 
or Bi?2, a note which lies between A^ 
and B2. 

§ 2. Breath Instruments with a simple 
Mouth-hoUy in which the Wind enters 
at one End and comes out at the other. 

297. The musical instruments which 
belong to this category are flutes, 

THIRDS, OCTAVES, and FIFES. 

In all these instruments the breath 
enters a little obliquely through a 
mouth-hole in the head of the tube, 
and makes its way out through the 
other extremity, called ih^foot. Poets 
attribute the invention of the flute 
to Apollo, Mercury, and Pallas; Pan 
is fabulously considered to have been 
the father of the flute with seven un- 
equal reeds (b.c. 1770); Marsyas, the 
mythological shepherd of Phrygia, the 
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inventor of the double flute (b. c. 1375) ; 
and Hyagnisj the father of Marsyas, to 
have been the first to play on a single 
pipe furnished vnth stops. The flute 
now used in orchestras and concert- 
rooms is about 18 inches long, 1 inch 
in diameter, consists of several joints 
which fit into each other, has 6 finger- 
holes, and a varying number of metal 
keys. Of all wind-instruments, the 
flute takes the highest range. Its 
tones combine the reedy quality of the 
hautboy with the rich mellowness of 
the clarinet. 

298. The great defect of a flute is 
the faultiness of some of its Defeat, ^^ 
notes. For example: without *''^^"**' 
keys expressly for the purpose, it is 
extremely difficult to sound exactly in 
tune either F natural or F sharp ; the 
former is as much too sharp as the 
latter is too flat. The same remark 
applies to some other notes, especially 
in the third octave, which is always 
fatiguing to sustain. Another de^ 
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is the difficulty of keeping the flute in 
tune with other instruments, because 
the humidity and heat of the breath 
swells the tube, increases its elasticity, 
dilates the vibrating column, and ren- 
ders the flute altogether too sharp ; in 
consequence of which, it needs always 
be used some little time before it joins 
in concert with other instruments. 

299. The mouth-hole of a flute is 
How to applied to the centre of the up- 
biowaflute pgp p^j.^. of the under lip, so that 

the lip covers at least half the hole. 
The breath is then forced through a 
small aperture of the lips, strikes 
against the sharp edge of the embou- 
chure, is lacerated by the percussion, 
and a part flies into the cylinder while 
the rest bounds off^ exteriorly. The 
two portions create sound-waves by 
condensing the air with which they 
come in contact, and the two sounds 
coalesce to form one note immediately 
the vibrating column reaches the foot 
of the instrument. 



SBC.'i. § 2.] FLUTE. 201 

300. Flutes are sometimes furnished 
with a beak, fastened, by means nutw with 
of a spring over the mouth-hole *^**"* 

in such a manner that the stream of 
breath may fall upon the sharp edge 
of the embouchure without spreading 
over the sides of the flute, — a fault by 
no means unusual, but which always 
produces a disagreeable hissing or 
whistling noise. 

301. The same sort of^whizzing is 
heard when the lips of the flutist wetting 
are very moist; hence the habit '*'*"'*• 
of touching them continually with the 
tongue in playing is greatly to be de- 
precated, as it causes both waste of wind 
and loss of tone. 

302. The late Mr. Nicholson, in his 
book of instructions for the flute, says 
that the breath should be forced Nicholson*. 
vertically into the flute without *~''"'^""^- 
toiichinff the edge of the mouth-hole at 
all. If this direction were followed 
literally, the flute could not be made 
to speak. Let any one hold the palr^ 
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of his hand near the naouth-hole of a 
flute when a note is sounded, and he 
will feel the lacerated breath bounding 
from the edge of the embouchure. 
If Mr. Nicholson's notion were correct, 
this would never happen with a re- 
spectable player ; nay, the edge of the 
mouth-hole might be even rounded; but 
such an arrangement would be practi- 
cally as well as theoretically untenable. 

303. A flhte contains six ventages 
compaMof or finger-holes, which represent 
thedute. gj^ fundamental notes; but by 
the play of the lips and fingers, and by 
the assistance of keys, it has a range of 
three entire octaves, with the same 
number of flats and sharps as a piano- 
forte. The scale begins from C on the 
first line below the treble staff, and 
goes to C above the fifth leger-line 
over the same staff. 

304. The second octave of the flute 
f^ve^of ^® produced by precisely the 
thefluta same fingering as the first, 
with the exception of D, for which 
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the D-key is to be held down, and 
the first finger to be lifted up. In 
this octave the pressure of the flute 
on the lips should be lessened, in 
order that the under-lip may be thick- 
ened, and the current of breath have a 
more elevated line to traverse before it 
enters the mouth-hole. As the pres- 
sure of the flute is less, both the mouth- 
hole and also the embouchure of the 
lips are somewhat enlarged, the volume 
of the breath increased, and a fuller 
resonance produced. 

305. For the third octave, the under 
law must be made to project, _. ^ 
m order to give the current of jj^jj^-J 
breath a still more elevated 

line. For G, A, B, C, the size of the 
mouth -hole must be reduced by turn- 
ing the flute inwards and bringing the 
upper lip close to the hole, to prevent 
the spread of the breath. 

306. The fundamental note of a flute 
is produced when the entire Hamonict 
column of air forms a single **^**'' 
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" node" midway between the two ex- 
tremes. Thus when D, the first* note 
of the scale, is produced, the column 
of air forms a nodal point in the 
middle of the tube and a swell at 
each end, thus : 

^' -::::..^:^-^^^^ 

By forcing the breath a little, the 
player obtains the octave of the same 
note ; for the column of air then forms 
into two arrangements like the former : 

the efiect in this case being the same 
as if two flutes were employed, each 
half the length of the one in use. 

If the breath be still further en* 
forced, the column of air will divide 
itself into threey then into /owr, then 
into Jive^ then into six similar arrange- 

* D is the lowest note of the scale when a flute 
has only one key ; but with what are called " keyed 
flutes," C can be drawn by closing the C key. 
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ments ; so that the harmonics of a flute 
follow the natural order 2, 3, 4, 5, 6, 
7, &c., the fundamental note being 
unity. 

307. Suppose the fundamental note 
to be D; by forcing the breath, the 
flutist obtains the octave Di for the 
first harmonic ; then the double^/ifA A, ; 
then the double octave Dg; then the 
major third of the same octave Fijjig; 
and so on. The first harmonic of a 
flute must be the octave, because the 
column of air, by forcing the breath a 
little, divides itself into two equal 
parts, and the octave vibrates just 
tmce as fast as the tonic. By turning 
to the table (182.), the other har- 
moncis may be readily found. 

308. Third-flutes have a pitch one^ 
third higher than the ordinary 

flute, and are one-third shorter. 
Those called octave-flutes are half 
the length of common flutes, and re- 
ceive their name because their scale is 
an octave higher. In every instar 

T 
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the different pitch of these tubes cor- 
responds with their respective lengths. 

309. This will explain why the 
i^wD lowest note of these instru- 
ofautes. ments is produced by stopping 
all the ventages, because by that 
means the longest possible vibration is 
obtained. 

310. It will also explain why a flutist 
Tuning draws out the upper slide of his 
^"'^ instrument when he finds it too 
sharpj and pushes it further home 
when the flute is Jlat. By the former 
arrangement he lengthens the column 
and depresses the pitch ; by the latter 
he shortens the column and elevates the 
tone. 

311. Octave -flutes are pitched for the 
key of D ; fifes for Ej^ and F. Octave- 
flutes are generally employed in con- 
cert-rooms, and fifes in military bands. 
Music for the flute, octave, and fife, is 
always written in the treble or G clef. 
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§ 3. Breath Instruments with a Beak 
and Mouthy as the Flageolet. 

312. The heak of a flageolet is the 
tube through which the player blows ; 
the mouth is a small hole just below 
the shoulder-piece. The lower lip of 
the mouth is bevelled, like the edge of 
a chisel, and inclines a little inwards. 

313. When the player blows through 
the mouth-piece, his breath is 

split by striking against the edge ***^ 
of this "lip;" part of the wind flies 
through the hole into the air, and the 
rest rebounds into the instrument. 
The two portions create sonorous vi- 
brations, one without, and the other 
within the tube. 

314. The sound of a flageolet is 
engendered at what is called Howwund 
" the mouth" of the instrument, %^llS^ 
but is greatly reinforced by **""* 
resonance in its passage through the 
tube. The pitch of the pipe is '^'^ 

t2 ' 
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much more acute as " the mouth" is 
small, the tube short, and the blast 
strong. 

315. A flageolet is pierced with six 
Compass of vcntagcs or finger-holes, and 
a flageolet commands a scale of about two 
octaves, beginning from D in the 
treble staff. Its music is written in 
the G-clef. 



SEC. II. INSTRUMENTS WITH REED- 
BEAKS. 

316. Reed instruments, such as haut- 
boys, bassoons, and clarinets, differ 
essentially from those described in the 
previous sections, inasmuch as the 
sounding body is not the breath of the 
performer, but the column of air con- 
tained in the instrument. In the 
former case the column of air is only 
the auxiliat^ of the sounding body; 
in the latter it is the sounding body 
itself. 

317. The action of vibrating reeds 
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may be illustrated in the following 

manner. Let A AAA be a plate of 

zinc or copper, B B C C a part cut out. 

At the point S let a thin 

slip of elastic metal be 

soldered on the plate, and 

let it be free to oscillate 

through the aperture B B 

C C, without grazing the 

edges. If now a person 

apply the plate to his lip 

at the point /?, and blow towards C C, 

the metal tongue will alternately open 

and shut, allowing the breath to pass in- 

termittingly, and engendering sonorous 

vibrations whose length will depend 

on the dimensions and elasticity of 

the metal tongue. 

318. By blowing against the edge 
of a PIECE OF PAPER, a sound cry of 
may also be produced, because p***'* 
the leaf flaps against the adjacent air 
on both sides, communicating to it those 
motions of progression and regression 
called vibrations. 

T 3 
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319. Boys sometimes place the 
Cry of LEAF of a plant betwixt their 
leaves. thumbs, and produce a shrill 
shriek by blowing upon its upper edge. 
Sometimes they cut a slit in a piece of 
soft wood, like deal, make the two 
clefts of it very thin, and insert therein • 
some half-dozen pieces of paper, the 
edges of which are cut close to the 
stick. By blowing into the slit either 
at the top or on one side, a loud squeak- 
ing sound resembling the cry of mon- 
keys may be produced. 

320. The cry of birds may be imi- 
tated with considerable success 
by msertmg m a slit made m a 

small stick of wood the leaf of some 
particular plant, the choice of which 
must depend on the cry to be imitated. 
A laurel leaf is best to mimic the voice 
of lap- wings ; ivy that of pies, black- 
birds, and thrushes ; a leek, the jug of 
nightingales ; and a blade of dog-grass 
the hoot of owls. The dog-grass should 
be taken from some plantation or dry 
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ditch, where may be found a species 
without hair, very fine, and of a 
yellowish green colour. The other 
sort is so hard and thick that it 
would make the lips bleed unless 
first soaked in vinegar. Instead of a 
stick, some persons hold the leaf be- 
tween the forefinger and thumb of 
each hand. 

321. Sometimes a green wheat- 
straw is cut below a knot so as cry of a 
fo make a tube open at one end^^^^^''^'^''' 
only. About one-third from the open 
end a slit is cut in the straw, having a 
direction upwards. The young musi- 
cian places this straw in his mouth, 
blows into the orifice ; the slit vibrates, 
and a harsh scrannel " fills the air 
with barbarous dissonance." 

By piercing finger-holes in the straw, 
sounds of different pitch may be ob- 
tained. 

322. The stalk of a leek is often 
employed for the same purpose, cry of 
The stalk is merely cut some *'*'^'' 



212 REED INSTRUMENTS, [ch.vi. ft. n. 

two inches in length, and the smaller 
end applied to the lips. 

323. An instrument resembling a 
Cry of a bag-pipe in tone may be made 
"*"'«• of a NETTLE. The stalk of a 

white nettle should be cut off 
below a knot ; the upper sur- 
face of the part just below this 
knot scraped very thin, and a 
small slit cut through the in- 
ner film. From this part to 
the bottom of the stalk, which 
should be without a knot, in- 
cisions should be made at equal 
distances nearly through the 
stem, and the nettle bent into the form 
of an arc. The knotted end is put 
into the mouth, when, by blowing and 
bending the nettle more or less, sounds 
by no means unmusical may be pro- 
duced. 

324. These illustrations will serve 
to explain the modus operandi of reed 
instruments, which may be classified 
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under two heads, those with one flexible 
reed, and those with two. 

§ 1. Beed Instruments with one flexible 
Reed^ as the Clarinet. 

325. The mouth-piece of a clarinet 
consists of a beak, generally of 

, , ' ° A 1 ^ Clarinet 

ebony, box, or cocoa. About 
one- third of the solid wood is cut away, 
to give room to a flat elastic reed, 
which is fixed at the bottom, and gapes 
a little at the upper edge of the beak. 
The body of the clarinet has seven 
finger-holes and a number of keys, 
varying from six to fourteen. 

326. When the player forces a puff 
of breath into this mouth-piece, how 
the slip of reed vibrates, and f^^le 
communicates its motion to the *°"°'^' 
air in the tube. Sound-waves are thus 
produced, which are reinforced by re- 
sonance in their passage through the' 
pipe. 

327. Without doubt the same vi- 
bratory motion which sets in unc^ 
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tion the column of air contained in the 
clarinet must also communicate a si- 
milar motion to the air in contact with 
the outside of the reed; but, in the 
former case, the confined air, being 
less fugacious, receives and transmits 
a much stronger impulse than the 
latter; in consequence of which the 
note it produces is so much more 
powerful that it overwhelms the other 
sound and incorporates it. 

328. The clarinet was invented at 
_ Nuremberg, in Germany, about 

Character 0\ . ''Ai i * 

of the two centuries smce. (jluck* 

clarinet ^ n • i • • 

was the first to mtroduce it into 
dramatic music. Though it includes 
every semitone within a compass of 
twenty-seven notes, it is virtually a 
very imperfect instrument, inasmuch 
as it changes the character and " tim- 

* Gluck, generally called the Michael Angelo of 
music, was born of low parents, in Bohemia. His 
operas of Alceste, Orpheus^ and Iphigenia in Aulis^ 
won by their boldness and originality almost unpa- 
rallelea applause. He died 1787, aged seventy- three. 
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bre" of its tone at each octave. The 
first twelve notes are clear and sweet ; 
the next nine, sonorous and clarion- 
like; the rest, both shrill and dis- 
agreeable. Again, some of its tones are 
false ; the player has not a free choice 
in his keys, the only ones heard to 
advantage being those of C and F; 
and the very position of the keys is 
such as to render certain passages and 
trills wholly impracticable. Yet, not- 
withstanding all these defects, the 
clarinet forms the foundation of mixed 
military bands, where it takes the same 
range as violins occupy in symphonies 
and dramatic music. 

329. Clarinets are made of various 
keys ; those most generally introduced 
into orchestras are A, B flat, and C. 
The B-flat clarinet is by far the best, 
and the A the most faulty. Solos for . 
the clarinet are generally written in C,^ 
F, and B flat- 
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§ 2. Musical Instruments with two flex- 
ible Beedsj as the Hautboy and Bas- 
soon. 

330. The hautboy is a conical tube 
Hautbo ^^ cocoa, box, or ebony, 22 inches 

in length, and widening gra- 
dually from the top to the bottom. It 
is pierced with six finger-holes, and 
supplied with a variable number of 
keys. 

331. The general compass of the 

Com a» ^^^*^<^y extends from the C 

hfibT ^^^^ ^^*® *^ ^ ^^ ^^^ ' ^^* ^^-^^ 
performers can frequently carry 

it two or three notes higher. Its scale 

contains all the semitones except the 

sharp of the lowest note. Its music, 

like that of the Clarinet and Flute, is 

written in the G-clef. 

332. The mouth-piece of the hautboy 
consists of two slips of reed 

the\U- bound together at the bottom, 

but free to move at the top, 

where they are extremely thin and 
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form an elliptical orifice. When the 
performer blows through these reeds, 
his breath causes them to vibrate ; and 
their tremulous motion is communi- 
cated to the column of air contained 
in the instrument. 

333. The tone of the hautboy, in 
skilful hands, is grateful and Hautboy 
soothing. It can be martial, '*°*»*«" 
rustic, and even joyous, but is pecu- 
liarly adapted to the expression of soft 
and plaintive passages. As, however, 
the reeds which form the beak are ex- 
ceedingly thin, and their aperture must 
be modified by the pressure of the lips, 
the instrument is difficult to play. Un- 
skilful performers frequently provoke 
from it a harsh scrannel, familiarly 
called a goose; either because they force 
their breath too violently into the pipe, 
or else because the reeds are allowed to 
vibrate throughout their entire length. 
In the former case the instrument is 
forced beyond its natural pitch, and 
the reeds only speak ; in the latter, tlr 
u 
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reeds and pipe do not vibrate in unison^ 
and the sound is grating, Kke that of a 
cracked bell (242). 

There is a limit of pression in all tubes, be- 
yond which sound ceases altogether. If an un- 
skilful player force a pipe beyond this limit it 
cannot speak. 

The general compass of the hautboy is from 
C in the clef to D in alt, but solo players can carry 
it two or three notes higher. Its scale contains 
all the semitones, except the sharp of its lowest C. 

334. The bassoon serves for the bass 
Bassoon ^^ ^ conccrt of hautboys, clari- 
"**^"* nets, and flutes. It is formed of 
two tubes in juxtaposition, eachfourfeet 
long, communicating with each other 
only at the lower extremity. It has 
eight finger-holes and ten keys. Its 
compass comprehends three octaves, 
with eveiT semitone from double B[j, to 
B above the treble staflT. Its mouth-piece 
resembles that of the hautboy, and the 
rationale of its sound is precisely the 
same. Though the character of this in- 
strument is tender and plaintive, its 
accents are full of vigour and sentiment, 
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serving to express tumultuous passions. 
It is never brilliant itself, but unites 
admirably with those that are so, and 
makes a most spirited bass when violins 
leave the orchestra free to the wind-in- 
struments. It can modulate a solo with 
considerable grace and suavity,but its 
forte is accompaniment when it fills up 
the void between intermediate instru- 
ments, and suits either the rapid march 
of the violin or the tardy gait of the 
trumpet. Its tones are not always to be 
singled out, but, as the violet hidden 
among herbs is detected by its perfume, 
so the presence of the bassoon in a full 
band is rendered perceptible by the har- 
mony it introduces. 

Its best notes are C, F, Bt> E|j, and their 
relative minors. 

The word bassoon is a corruption of the two 
French words bos-sons (deep-sounds). 

SEC. III. MUSICAL INSTBUMENTS WITH A 
CUP MOUTH-PIECE. 

335. The mouth-piece of trumpe'^ 

u 2 
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HORNS, and of other brass instruments 
consists of a small hollow hemisphere 
or cup, technically called in French a 

BOCAL. 

336. In all these instruments the 
How aoDDd sound is occasioned by the shock 
u produced, g^y^n to thc air in the mouth- 
piece by the breath of the performer, and 
is varied chiefly by varying the pres- 
sure of the lips. 

337. In order to make these instru- 
ments speak, the player gives an im- 
pulse to his upper jaw with the tip of 
his tongue, great care being taken 
never to let the tongue intrude beyond 
the lips. The jerk thus given to the 
breath shocks the ear in the mouth- 
piece, which thence becomes the seat of 
sound. The intensity of the sound thus 
engendered is increased : (1.) By the 
vibrations of the instrument itself; and, 
(2.) by resonance in its long and tor- 
tuous passages. The " ring " of the 
metal walls causes the peculiar timbre or 
quality of tone which characterises a 
brass band. 
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I'here is no good reason to believe that the 
sound of these instruments is engendered by the 
tremulous motion of the performer^ 8 Ups^ as most 
physiologists maintain. Every trumpeter knows 
that trembling lips'are so undesirable, that it is 
customary to rub them with alum to harden 
them ; if after this the lips quiver, the instru- 
ment must be laid on one side. That the lips 
vibrate may be admitted, but their vibration is 
the effect and not the cause of sound. When 
vibratory motion is communicated by the breath 
to the air in the mouth-piece of a horn or 
trumpet, the lips may probably vibrate as acces- 
sories, but certainly are not the primum mobile 
of the sound. 

338. Instruments with a cup or he- 
mispherical mouth-piece may be sub- 
divided into two classes : those without 
keys, and those with keys or finger- 
stops. 

§ 1. Musical Instruments vnth a Cup 
Mouth'piece^ and without Keys^ as 
Trumpets^ Trombones, Clarions^ 
French Horns, <^c. 

339. A TRUMPET consists of a folded 
tube, usually of brass, with a Trumpet. 
large bell-shaped mouth, called its p' 

U 3 
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vilion* It is the loudest of all portable 
wind-instruments, and, from its ex- 
citing effect, is admirably adapted to 
military music. 

In an orchestra trumpets have oc- 
casionally a truly thrilling influence 
by their brilliant blast, and that sub- 
lime monotony which contrasts so ef- 
fectively with the precipitate march 
and impetuosity of other instruments, 
adding vigour to the design of the 
composition, marking strongly its con- 
tour, and giving expression at a moment 
when other artifices are exhausted. 

Trumpets are generally employed in pairs, 
called 1st and 2nd trumpet. They sound the 
tonic, subtonic, mediant, and dominant of four 
octaves. 

340. The conical shape of horns and 
Shape of trumpets contributes greatly to 
trumpeu. ^j^^ intensity of their tones, in- 
asmuch as the sound-ravs issue from 
the pavilion in parallel hneSj instead of 
diverging on all sides. 

341. The wide bell-like mouth of 
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brass instruments increases the depth of 
their tone, as it gives the effect Mouth of 
of a larger segment, which vi- ^"«^«- 
brates more slowly than one of less 
diameter. The more the lip of a 
trumpet or horn is curved outwards, 
the greater will be the discrepancy be- 
tween the tube of the instrument and 
its pavilion. This accounts for the ex- 
traordinary depth of tone in French 
Horns. 

Music for the trumpet is written in the G clef. 

342. Horns were originaUy designed 
for the chase ; but Punto*, Cu- ^^^ 
vemoyf, and DaupratJ have °""* 
given them a new existence, and enriched 

* Jean Funto, or, more correctly speaking,* Jean 
Stich, the celebrated comist, was l>om at Zchuziez, 
in Bohemia, 1748, and died 1803. He used a silver 
horn, the tone of which he considered more pure 
and more brilliant than those made of brass. 

t Frederick Duyemoy, or Duvemois, was bom on 
Mount fieliard, one of the Alps, 1765, and died 1820. 
He was comet in Napoleon^ own band, where his 
talents were highly appreciated. His execution was 
faultless, and his tones, though limited to a very few 
;iotes, were remarkable for their purity. 

X Professor Dauprat, celebrated both as a compose** 
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them with a multitude of sounds which 
nature seems to have denied them. 
Though rich and sonorous, they can 
be tender and pathetic. They can 
take a solo, but are better adapted to 
accompaniment, in which their noble 
thirds and fifths are truly charming. 

The pitch of a French Horn is an octave lower 
than that of trumpets. The lower part of its 
scale includes only the third, Aft^y ^^^ eighth of 
the key, but in the upper octave it takes all the 
naturaJ notes, and even commands the sharp 
fourth. Its natural fourth is, however, seldom in 
tune, and should always be avoided by composers. 

343. Blowers of the French Horn 
Hand in the usually placc one of their hands 
pavilion, jj^ ^Yie pavilion of their instru- 
ment to procure certain varieties of tone 
called " shut notes." The hand serves 
to impede somewhat the vibrations of 
the column of air; and consequently, 
abases the sound. 

and as a comist, was bom at FariS) 1781, and died 
1832. He was honorary member of Kapoleon*s 
chapel, and was afterwards appointed to the ChapeUe 
d^ Lois by Louis XVIH. 
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French horns played in pairs are nsaallj ar- 
ranged to turn one to the right and the other to 
the left hand of the pkijer. 

344. A performer on the French Horn 
can elicit from his instrument without the 
aid of his hand eleven notes taken from 
four octaves, and by the aid of his hand 
in the pavilion eight more. The higher 
notes are elicited by pursing the lips, 
and the lower ones by relaxing them. 
It is rarely the case that the same com- 
ist can render equally well both the 
high and low notes, because the phy- 
sical condition of the lips necessary for 
the one is most unfavourable to the 
other. The notes most easy of execu- 
tion on a C horn are C, E, G ; on a D horn 
D, F, A, &c. ; but it is extremely dif- 
ficult to draw D, F, A from the for- 
mer, or C, E, G from the latter. Semi- 
tones may also be produced when atten- 
tion is especially directed to them, but in 
practice it is almost impossible to give 
a tone and semitone in succession. 
345. When it is required to change 
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the key of a horn, the branch to which 
the mouth-piece is adjusted must be 
changed for one of a different length; by 
this means a C horn can be tuned to the 
keys of D, E[,, F, G, A, and B|?. 

The notes producible on a horn wiihout the 
aid of the hand are C| Gi, Cg Eg 62, C3 D3 
E3 G3 Bl? 3, C4. The lowest note, Ci, is that of 
an open organ-pipe eight feet long. 

By the aid of the hand in the pavilion eight 
other notes can be produced, AiB|^ Dg Fg A^ Bg, 
F3 B3 ; but these latter, called ** shut notes " are 
many of them difficult to execute. 

346. A TROMBONE, anciently called a 
Trombone ^^^^^^ consists of thrcc tubcs : 

the jirst^ to which the mouth- 
piece is attached ; and the ihird^ which 
terminates in a bell-shaped aperture, 
placed beside it. The middle branch is 
folded, so as to slide into the other two 
like the tube of a telescope. 

347. Gluck* was the first to intro- 
duce this instrument into orchestral 
music. With a mechanism remarkable 
for its simplicity it has the advantage 

* Gluck, see p. 214. 



SEC. m. § 1.] TROMBONE. 227 

of running through all the notes of 
the scal^ and of producing each in per- 
fect tune by means of its sliding tube. 
Thirds, fifths, and octaves are ob- 
tained by the pressure of the lips with- 
out changing the position of the middle 
branch. The trombone has a noble ef- 
fect in symphonies, overtures, marches, 
and indeed in all brilliant or solemn 
music. 

348. There are three sorts of trom- 
bones used in orchestras, the 
alto, tenor, and bass. When ^*"' 
employed together they form a com- 
plete harmony in themselves. 

An alto trombone contains eighteen notes, 
the lowest being C above G gamut ; 

A tenor trombone contains fourteen notes, 
the lowest of the scale being A one note above 
G gamut ; 

A basso trombone also contains fourteen 
notes, commencing one note below the tenor 
instrument, and reaching to C above the bass- 
clef note, producing every semitone within that 
compass. 

Music for the trombone is written in th<^ 
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clef, third line for the alto, fourth for the tenor; 
and in the F clef for the basso. 

N.B. Brass instruments with hey^ or stopSy 
such as the ophideide^ comet-d-pistonj Sfc^ pre^ 
sent no new physical features ; and mayy there- 
forCy he passed over, 

SEC. IV. WHISTLES AND WHISTLING. 

349. The box-WHiSTLE or bird-call 
Tinbiid- consists of two circular plates 
"^ of tin, each pierced in the centre 
with a small hole, and attached to a 
small tin band. The instrument is 
placed between the lips, and its cry 
provoked either by blowing or draw- 
ing the breath through it. The acute- 
ness of the sound is, by increasing the 
force of the blast, augmented in the 
same ratio as in the flute (307.) ; and 
the gravity is in proportion to the size 
of the bores, the largest bore producing 
the deepest tone. 

350. The breath forced into the box 
Haw it pn- drags from the cavity a smaU 

duC«.OUnd. gy^^f^fy ^f aW. UpOU tHS, thC 

rest of the air in the whistle dilates, in 
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order to occupy the void, and in its 
rarefied condition can no longer resist 
the pressure of the external air, which 
crowds into the whistle and causes a 
sudden condensation. This dilatation 
and compression of air in the cavity of 
the instrument give birth to those mi- 
nute advancing and retreating move- 
ments so mysteriously connected with 
the phenomenon of sound. Resonance 
and the vibrations of the tin itself in- 
crease the force of the whistle and 
modify its tone.*. 

Boys make a similar whistle by grinding a 
hole through the upper and under 
surface of the cornel of certain wall- whSui'^"* 
fruit, and removing the " meat ** piece- 
meal. A peach-stone whistle is used by fowlers 
to imitate the cry of larks. 

351. The DOG-CALL or sportsman's 
whistle consists of a small cy- ^ ^^ 
Under, generally of ivory, fitted °*' 

* The explanation given in the above paragraph 
refers to the method of blowing through me whistle. 
The intelligent reader can very easily modify it so as 
to make it applicable to the other means referred 
X 
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with a beak or moutb-piece at one end 
and closed at the other. The shape 
of the beak somewhat resembles that 
of a clarinet, but it is fiimished with a 
viouih like the flageolet (312.). 

352. The sound is pi-oauced by 
How it pro- forcing the breath against the 
duc««und.gj^^^ lower lip of the whistle ; 
upon which a part of the breath flies 
outwards, and the rest falls into the 
cylinder. Both these portions compress 
the air against which they strike, and 
the condensed air, having compressed 
other portions, dilates, and returns to 
repose. As soon as the vibrations es- 
tablished within the whistle reach the 
bottom of the " call," they are reflected 
upwards, and make their way out 
through the mouth of the beak. 

Boys make these whistles of elder wood hy 
ly cutting obliquely the upper end of an 
elder-stick, and inserting therein a plug of 
wood so as to leave only a small orifice 
just below. A notch is cut with a sharp 
lower edge, and the bottom of the cylinder 
is closed with a piece of wood nicely ad- 
justed to the size of the tube. 
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353. Sometimes the intensity of 
eound in these whistles is increased by 
means of a small pea shut up in the 
"call." The pea, which flutters in 
unison with the vibrating column of 
air, increases the shock of its vibra- 
tions. The harmonics of a dog-call 
are the same as those of a Pan-pipe 
and of all other instruments open only 
at one end (294.). 

354. Whistling through a hazel- 
nut is performed by blowing tti«.|.nut 
obliquely across the hole of a"^****"** 
hollow nut. This phenomenon is pre- 
cisely analogous to the whistle of a 
box-key or Pandean pipe (291.). 

355. The whistling of wind among 
rocks and through fissures iswhbtiing 
connected with many of the*''''^* 
superstitions of the ancient Britons. 
Sir Humphry Davy*, in his Salmonia, 



* Sir Humphry Davy, born at Penzanee, in 
Cornwall, 1778, <£ed at the age of fifty-one, a. d. 
1829. He was a celebrated chemist, and is univer- 
sally known as the inventor of the safety lamp, 

X 2 
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says : " In the West of England, half a 
century ago, a particular hollow noise 
on the sea-coast was referred to a spirit 
or goblin called Bucca, and was sup- 
posed to foretell a shipwreck." Sir 
Humphry explains the cause of this 
peculiar noise in the way following: 
" Sound travels much faster than cur- 
rents of air, and the sound referred to 
always precedes a heavy storm, which 
seldom takes place on that wild and 
rocky coast without a shipwreck on 
some part of its extensive shore." 

The place referred to by Sir Hum- 
phry Davy is in Cornwall, and the 
hollow noise proc'eeds from the gullet of 
two rocks which stand in such a direc- 
tion as to leave an opening towards the 
south-west, the very direction of storms 
in England. As these storms are sure 
to dash vessels against the coast of 
Cornwall or Devonshire, it is easy to 
perceive how the howling of the wind 
has become associated with the voice of 
a malignant spirit. 
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356. Similar noises have been ob- 
served by every one in a high wind 
from narrow passages, chimney-flues, 
and key-holes. The wind, Howimg 
beating in gusts into the ori-SlrSSh 
fice of these openings, com-^'^'^'^^' 
presses the air against which it 
strikes, and drives it back. The air 
thus dislodged condenses other con- 
tiguous portions, dilates, and returns 
to repose. A vibratory motion is thus 
imparted to the column of air con- 
tained in the flue or fissure which be- 
comes the seat of sound, and the 
sound thus engendered is augmented in 
its progress through the tube by re- 
sonance and sometimes by accidental 
circumstances. 

357. The tone of the howl or whistle 
depends on the substance of the fis- 
sure walls. The pitch on the length, 
calibre, and shape of the chink or aper- 
ture. 

358. A tube of convenient length, 
nicely adjusted to a key-hole or other 

X 3 
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sonorous orifice, gteatly increases the 
intensity of the sound by the con- 
comitant vibrations of its column of 
air. 

As a rule, the piieh of a tube is deepened in 
the same proportion as its length is increased; 
but this rule is subject to several limitations: 

1. There is a maximum of abasement If the 
length of the tube exceed this maximum, the 
tone mounts higher and higher till it attains the 
maximum of elevation. If after this the tube be 
still lengthened it gradually drops one-fourth^ 
then mounts again. The next descent upon 
increase of length will be one-third; after which 
the tone mounts again. And so on alternately. 

2. The length of a tube ought not to be more 
than twelve or fourteen times greater than the 
diameter of its bore, in order to obtain from it its 
fundamental or normal note. When a tube ex- 
ceeds this proportion of length, the'first note is 
abnormal ; it may be the octave, the double-fifth, 
the double octave, or some other harmonic. If 
it be the octave, its pitch will not be affected even 
if half the length of the tube be cut off. If the 
double-fifth, two-thirds of the tube may be taken 
away without altering its pitch. If the double- 
octave, as much as three-quarters of the tube 
may be removed and the note will be unaffected 
in pitch, though of course it will be proportion- 
ably more feeble in force. 
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359. In order to whistle with the 
MOUTH, the lips must be pursed to- 
gether. A small channel is thus ^ ^^^^^^ 
made in the tongue, the tip of ^ 
which is brought dose to the front 
teeth of the lower jaw. 

360. The sound, in this case, ori- 
ginates at the lips from the im- cayueot 
pulsion of the breath against the "*" ''**^"•• 
external air, is reinforced by resonance 
in the cavity of the mouth, and mo- 
dified in pitch by the play of the cheeks, 
lips, and tongue. 

The loudness of the tone depends 
on the muscular energy of the whistler, 
and on the quantity of breath which 
passes through his lips in a given time. 

361. The compass of the lip-whistle 
extends from Eg to Cg, nearly ^^^^^^^^ 
three octaves: but very few <>'">«,, 
persons can render distinctly 
above twelve or fourteen notes. 

The cause of sound in the lip-whistle is one of 
the most perplexing phenomena of acoustics. 
Savart says it is the result of alternate rarefa'*- 
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tions of air by the hot breath, and subsequent 
compressions by atmospheric pressure. This 
explanation, however, with all due deference 
to so honoured a name, cannot be admitted, in- 
asmuch as the same sounds can be imitated 
mechanically without the aid of hot vapour. 
The whistling of wind through fissures and key- 
holes (356.) seems to be an analogous pheno- 
menon. Whistling sounds of great force and 
purity may be obtained by means of a long 
gutta-percha tube communicating with areservoir 
of compressed air, and terminated by a mouth- 
piece of flattened copper, fitted with a stop-cock. 
By opening the stop-cock more or less, air escapes 
tlu*ough the copper chink with proportionate 
velocity ; and by presenting this stream of air 
before a tube open at both ends or only parti- 
ally closed, an excellent and forcible whistle may 
be obtained. 

No less objectionable is the common notion 
that the labial whistle depends on the vibrations 
of the lips; inasmuch as a quivering lip is 
utterly incompatible with good whistling, and 
persons can whistle while their lips are covered 
with india-rubber or gutta-percha. If in whist- 
ling the lips vibrate at all, the motion is altogether 
the effect and not the catise of the sound produced. 

362. Some persons can whistle 
Whistling through their front teeth, if 

through ,1 ° X • 1 

the teeth, they are not in close con- 
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tact with each other ; and some 
others can whistle by forcing the 
breath between the teeth of the upper 
and lower jaw. In both these cases a 
channel is made along the tongue, the 
tip of which is made to approach the 
bottom row of teeth* The former of 
these methods of whistling is ana- 
logous to that of wind through a key- 
hole (356.). The latter resembles the 
production of sound by the flageolet 
(313.). 

363. Whistling with the fingers 
may be performed in several nnger. 
ways. The easiest is the follow- "'*'"'**• 
ing: — Place in the mouth, against the 
tip of the tongue, the first and second 
finger of each hand, brought together 
so as to form a wedge ( A ), against 
which let the lips press so as to prevent 
the loss of breath. By blowing with a 
jerk a whistle may be thus produced of 
very considerable force. 

364. In this case the fingers and lips 
make a kind of conical pipe. Th'^ 
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sound is generated by the laceration 
of the breath against the tip 
of the fingers or of the 
tongue*, and is reinforced 
by resonance from the cavity 
between the roof and floor 
of the mouth, and in some 

measure also by the channel formed 

by the fingers. 

365. Similarly a person may whistle 
with the two index fingers, the two 
middle, the two third, or with the two 
little fingers. He may whistle even 
with one hand, by folding down the 
long finger and bringing together the 
tips of the first and third. 

366. In order to make a whistle of 
the FISTS, the two thumbs should 
be placed in juxtaposition ; the 

palm of the right hand being laid over 
the palm of the left, and the ends of 
the fingers folded over the backs of the 

* The fingers may be placed either upon the tongue, 
or against it, so as to make the extreme tip curl a 
little. The latter is, perhaps, the easier plan. 
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hands. The part contiguous to the 
two wrists must then be brought to- 

f ether, so as to form a sort of box. 
ly blowing with a smart jerk doion- 
wards through the knuckles of the 
thumb, a whistle may be produced 
not unlike the barking of a dog. 

Another way of arranging the hands for this 
whistle is to place them in the same direction 
oyer each other, and having folded down the 
first joints of one hand, to wrap those of the 
other over them. The fore-finger in both cases 
should be elevated as high as the thumbnails, 
that the aperture through which the breath 
is forced may not be obstructed. 

367. The deep sound occasioned by 
this contrivance is due to the impulsion 
of the breath against the fleshy part of 
the thumbs, and its resonance in the 
hollow of the hands. As the air thus 
confined is not fugacious, it is capable 
of receiving a great shock, and hence 
the sounds produced are remarkably 
loud. 

There are numerous other ways of whistling 
with the hand, one of which is to fold the ^ 
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into a sort of funneL By blowing with con- 
siderable force across the orifice where the 
thumb and fore-finger lap over, a loud sound 
may be elicited. 

Another way is to fold the fist, and blow into 
a chink made between the last joints of the 
second and third fingers. These, however, are 
only modifications of what has been already ex- 
plained, and present no new physical features. 

SEC. V. MUSICAL INSTRUMENTS WITH 
BELLOWS. — ^THB ORGAN. 

368. The largest and most harmo- 
^ ^ nious of all musical instru- 
ments is the organ, and the only 
one capable of awaking deep religious 
feeling. The flute is simple and pas- 
toral, the trumpet martial and exciting, 
the violin capacious and lively, the 
piano pleasing and domestic, but the 
organ grand and sublime, filling the 
soul with awe, with transport, and pro- 
found veneration. Its effect is that of 
majestic mountain scenery, or the pre- 
cipitate tumult of a cascade, or the com- 
motion of a troubled sea booming at 
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the dusk of evening, or of a storm on 
the confines of a forest. It is musical 
thunder pealing in religious gloom, a 
sea of harmony, a Niagara of sound. 
When swelling into full force, making 
the solid walls of a cathedral tremble, 
and when speaking in a " still small 
voice," impressing the imagination with 
the idea of power in restraint and sub- 
limity in humiliation. 

369. The inventor of this master work 
is not known. The Bible calls Jubal, 
the son of Lamech, " the father of such 
as handle the harp and organ" {Gen. 
iv. 21.) ; but whatever might have been 
the instruments thus designated, there 
is no reason to believe they resembled 
those known to us by the same names. 

The first account we have of any 
thing like an organ is by Archimedes*, 
and the next by Vitruviusf who makes 

* Archimedes of Syracuse, the most famous of 
ancient mathematicians, was born b c. 287, and was 
killed by a Roman soldier when Syracuse was taken, 
B.C. 212. Nine of his works are still extant 

t Vitruvius, the author of a most celebrated trea- 
Y 
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mention of such an instrument worked 
by the pressure of water instead of air, 
and invented by Ctesibius*, a barber of 
Alexandria, about 260 years before the 
Christian era. From this time we have 
very little further information on the 
subject till the fourth Christian century, 
when St. Jerome f speaks of organs on 
the pneumatic principle, not as a novel 
invention, but as one well established. 
He particularises two distinctively, 
one at Jerusalem, "which might be 
heard on the Mount of Olives," and 
another, " with twelve pairs of bellows^ 
which might be heard at the distance 

tise on architecture, in ten books, died, at an ad- 
vanced a^ in the reign of Augustus Csesar. 

♦ Ctesibius, celebrated for his mechanical inven- 
tions, flourished in Alexandria about 250 b. c. He 
invented the depsjdra or water-dock, the hydraidis 
or hydraulic organ, and was the first to apply air as 
a motive power. 

t St. Jerome, the most learned of the Christian 
Fathers, was bom at Stridon, in Dalmatia, a. p. 340, 
and died in 420, aged 80. He was ordained a pres- 
byter at Antioch (in Syria^y and wrote a great 
number of works, most of which are still extant. 
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of a full mile." The first organ that 
appeared in Europe was a present of 
the emperor Constantin Copronyme* to 
king Pepin f in 757, and a few years 
afterwards Constantin Michel | made a 
similar present to Charlemagne §, the 
son of P^pin. Organs were not em- 
ployed in churches before the 13th 
century. 

The largest church organ in London is in 
Spitalfields Church, the ne^t is in Christ Church. 
The largest in England is that at York Minster, 
which exceeds in size the organ erected in the 

* Constantin, sumamed Copronyme, was the son of 
Leo the Isaurian, who usurped the empire of the 
East. Constantin succeeded his father m 741, and 
reigned thirty-four years. 

t Pepin le Bref (i.e. the Short), King of France, and 
first of the Carlovmgian dynasty, was son of Charles 
Martel (i. e, the Hammery He reigned sixteen years 
(a. D. 752— 768). 

X Constantin Michel was son and successor of Con- 
stimtin Copronyme. 

§ Charlemagne was the eldest son of King Pepin, 
and succeeded his father a. n. 768. He reduced 
almost all Grermany under his dominion, was a noble 
patron of literature, and one of the greatest sove- 
reigns that ever reigned. He died at the age of 
seventy-two, after a reign of fifty-four years. 

Y 8 
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Music Hall of Birmingham. The best is reckoned 
the famous Temple organ, built bj Schmidt. 

The organ at Haerlem in South Holland is 
fitted with 60 stops and 8000 pipes. That at 
Seville with 100 stops and 5300 pipes. These> 
however, are mere dwarfs to the great organ 
exhibited in the Crystal Palace 1851. 

370. The organ may be considered 
as a collection of instruments 

tio^oTthe brought under the finger of one 
performer. It consists of a great 
number of pipes of diJfferent sizes, some 
of wood and others of metal. These 
pipes are made to speak by compressed 
air applied to them through certain 
channels by the means of bellows, 
worked either by human force or by 
machinery. 

371. The size of an organ is usually 
g^ designated by the length of the 

largest pipe : thus an organ of 
32 feet, of 16 feet, and so on, means 
one whose largest pipes are of those 
respective lengths. 

372. Organ pipes may be divided 
into mouth-pipes and reed-pipes, each of 
which contains several different species. 
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MOUTH-PIPES. 
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§ 1. Mouth-Pipes. 

373. Mouth-pipes are either of wood 
or metal, diflfering somewhat in shape, 
but constructed on the same 
principle. 

374. A WOODEN MOUTH- 
PIECE consists of a right- 
angled tube, formed of four 
plane boards glued together; 
the cross section of the pipe 
being oblong. 

At A A the pipe is either 
open, or stopped by a plug 
(T), technically called a 
tompion. 

The other end is closed by a block 
(B), on which the walls of the pipe 
are glued, except only at a narrow 
aperture across the front wall, called 
the mouth (m). 

This mouth is formed by the front 
wall being levelled from II towards the 
block, so as to form a sharpish edge at 
E, called the upper lip. 

A small tube (P) is fitted into the 

Y 3 
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bottom of the block, through which the 
wind enters. 

The wind from the bellows having 
entered this tube, is forced in a thin 
stream against the upper lip, and is 
thrown into vibration by the percussion 
in precisely the same manner as the 
breath of the performer is lacerated by 
a flageolet (313.). 

375. The loudness of an organ-pipe 
j^^^^ depends chiefly on the size of 

the aperture through which the 
wind enters. 

376. The pitch depends on the length 
Pitch, of the pipe; consequently stopped 

pipes are rendered more sharp 
by pushing the tompion further home. 
The same pipe is capable of producing 
more than one note, according to the 
force of the blast. The lowest, or fun- 
damental note, requires a more mode- 
rate current than its harmonics. The 
harmonics of a stopped pipe are the 
same as those of a Pandean reed (294.). 
Those of an open pipe are the same as 
the harmonics of a flute (307.). 
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In practice not more than four or five har- 
monics can be produced from any reed or pipe. 

377, If the tompion be removed, a 
pipe will give the octave of the former 
note ; a stop, therefore, of open pipes, 
must be double the length of shut ones 
in order to speak in unison. 

378- The quality of tone is princi- 
pally influenced by the '^nfiaterial ,j^^^^ 
employed in the construction of 
the pipes. Mahogany and wainscot 
pipes have a clearer tone than those of 
fir and pine, but the latter are the more 
mellow. 

379, Metal mouth-pipes are made 
on the same principle as wooden Meui pipe«. 
ones. They consist of a cylin- 
drical tube, the mouth being 
formed by flattening or push- 
ing-in the part which forms the 
mouth and lips. The inclina- 
tion of the metal from I to the 
mouth is at an angle of twenty- 
two degrees, and the edge is a 
little cut away. 



^ 
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The foot or cone of 
the pipe is open at the 
bottom or apex, but 
closed by a metal 
plate, called the Ian- 
guetj at the top, leav- 
ing only a small aper- 
ture or mouth for the 
wind of the bellows to pass into the 
upper or vocal part of the pipe. 

The wind which enters at the apex 
(A), breaks itself against the upper lip 
(Z), and is thrown into vibration as in 
the previous instance (374.). 

The woodcuts representing the cone of these 
pipe3 show the interior from the languet up- 
wards. 

Metal pipes may be either stopped or open, 
and the remark made in No. 377. is equally ap- 
plicable to either. 

380. Metal pipes are furnished with 
Ears, two earsy t!,E(see 379.), one on 
each side of the mouth. The pipe is 
rendered more flat by bending the ears 
nearer to the mouthy and more sharp by 
driving them further apart. 
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Open metal pipes are tuned by pressing-in 
the metal at the top of the pipe to flatten the 
tone, and by driving it out to sharpen the pitch. 

§ 2. Beed'Pipes. 

S81. Reed-pipes are made to speak 
in a manner very different to those 
already described. The rational^ of 
mouth-pipes resembles that of the fla- 
geolet, in which the wind is thrown 
into vibration by striking against the 
sharp edge of the upper Up. That of 
reed-pipes resembles the mechanism of 
the hautboy and bassoon, where the 
air is made to vibrate by the reeds 
which form the mouth-piece. 

382. In the subjoined woodcut the 

£art a ab represents a brass tube, 
aving a longitudinal narrow opening 
in front, over which lies a thm slip 
of metal (Z), called a languet or tongue. 
This tongue is rigidly fixed at the upper 
extremity, but is free at the bottom. 
The whole apparatus is firmly fixed 
in a block (B). F represents tne reed. 
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the apex of which passes through the 
block. SS is a stout 
piece of wire, called 
the tuning-spring ; it 
presses against the lan- 
guet to keep it close. 
By being drawn up it 
gives the tongue more 
liberty, and makes the 
note jlatter. By being 
forced dosvn it makes 
the languet shorter, 
and renders the pipe 
more sAorp. The outer 
tube (CCCC) is called 
the socket. 

The engraving represents 
the interior of the socket. 

383. The wind of the bellows enters 
at the apex (A), and fills the socket; 
presses against the languet, and shuts 
it. As this languet is elastic, it springs 
back and admits a little air ; is again 
shut and again springs open, giving a 
vibratory motion to the air in the 
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socket, which makes its way ffradually 
into the vocal tube and produces the 
note which the pipe utters. 

384. The more a languet is curved 
the louder the voice of the pipe, but 
the flatter the note. It is more loud^ 
because the "spring" gives the air 
more violent shocks ; it is flatter^ be- 
cause the tongue vibrates less easily. 

Some reed-pipes have no languet or tongue, 
but a thin elastic pipe instead, called a reed^ 
which is split along the middle to a certain 
length so as to vibrate. 

§ 3. Promiscuoiis Remarks on the Organ. 

385. The organ is not content with 
one pipe for each note ; it has organ 
many, in order to imitate dif- •*^' 
ferent instruments. The pipes which 
represent any given note are arranged 
in rows, each row being called a stop. 
By a peculiar machinery any one or 
more of these pipes may be brought 
under the hand of the organist, so that 
the effect of one instrument or of many 
in combination can be produced. Som^ 
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of the stops are named from the re- 
semblance of their tone to that of cer- 
tain musical instruments, as the cornet^ 
trumpet^ bassoon^ flute, &c. The most 
important, and those most frequently 
employed are the open and stopt dia- 
pasons, the principal and the fifteenth. 

The Tery large pipes are not placed in rows, 
but are disposed wherever a convement space 
can be found. 

386. The deep bass pipes are some- 
times 32 feet long, the others decrease 
by moieties in the following order, 32, 
16, 8, 4, 2, 1, A, i, i- The 32-feet 
pipe renders CC two octaves below 
what is termed " middle C-" The small 
pipe, i of a foot or 1^ inch long, gives 
C eight octaves higher. {See 161.) 

387. The keys of an organ resemble 
Organ i^ appearancc those of a piano- 
^^^*' forte, but their action is essenti- 
ally different. The keys of a piano are 
connected with little hammers, which 
strike against the strings respectively 
stretched above them; but an organ 
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has no strings, and its keys no ham- 
mers. 

The use of organ keys is to open the 
valves which admit the wind of the 
bellows into the pipes required to 
speak. When a key is pressed down, 
the valve of the corresponding pipe is 
opened, the air rushes in and renders 
the tube vocal. When a key is not 
pressed down, the valve is closed, and 
^ no wind can enter the pipe to make it 
speak. 

388, There are frequently three key- 
boards to a church organ, two organ key. 
of which contain four and a half *'**^' 
octaves, and the third or upper rank 
three octaves. These boards are ar- 
ranged, like stairs, one above the other. 
In some organs there are four, and occa- 
sionally as many as five, ranges of keys. 

The key-boards of the Birmingham organ contain 
five a^d a half octaves, those of the York organ six. 

389. When there are three key- 
boards the FIRST is the long scale, ex- 
tending generally from double G to i^" 
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in alt.; the second is the short scale, 
which extends from double C to the 
same F in alt.; and the third is the 
short octave^ scale going down to double 
G by what is called " a short octave :" 
L e. there is a finger-key below C G 
which sounds double G instead of 
double B ; while the finger-key, which 
should, from its position, give C G J, 
gives double A. 

The three key-boards are very often thus de- 
nominated : the lowest set of keys is called the 
CHOiB ORGAN, and contains the stopt diapason, 
the dulcianttf the principal, the Jlute, the twelfth, 
the bassoon, and the vox humana ; the middle set 
of keys is called the great organ, the principal 
stops of which are the two diapasons, the prin-' 
cipal, the twelfth, the fifteenth, the sesquialter, 
the mixture, the trumpet, the clarion^ and the 
cornet ; the uppermost set is called the swell, 
and comprises the two diapasons, the principal, 
the hautboy, the trumpet, and the cornet, 

390. Besides these key-boards there 

„ ^^ are rows of pedals or foot-keys, 

which act on the larger pipes. 

The effect of these pedals is to double 

the bass in the octave below. 
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391. Organ pipes are generally too 
sharp in hot weather, and too organs 
flat in frost ; the difference be- iSmmS. 
tween the two extremes being nearly 
a quarter of a tone. The reason is 
this : an increase of temperature in- 
creases the elasticity of the pipes ; in 
consequence of which, they vibrate 
somewhat more quickly, and render 
a higher note. 

§ 4. Miacellaneoibs Instruments with 
Bellows. 

392. The principle of a barrel- 
organ is the same as that of Barrel. 
a common organ, the main dif- "*'**"• 
ference being the absence of key-boards, 
the place of which is supplied by pins 
and staples disposed on the surface of a 
cylinder called the barrel. The bellows 
are worked and the barrel made to 
revolve by means of a winch. As the 
pegs are brought in contact with the 
different levers, they admit the wind 

z2 
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into the -corresponding pipes and make 
them speak. When an air has been 
played and another is desired, the barrel 
must be shifted according to a table 
attached to the organ, bearing the name 
and number of its different pieces. By 
this artifice every time the cylinder is 
shifted it presents to the levers a dif- 
ferent arrangement of pegs. 

Some barrel-organs are furnished with metal 
tongues like a musical snuff-box, instead of 
pipes. 

393. The harmonicon, or, as it is more 
frequently called, the orches- 

orchertrina. ^j^^^^^ jg ^ krgc barrel organ, 

furnished with additional pipes to imi- 
tate various wind instruments, and with 
an apparatus to produce the effect of 
drums, triangles and cymbals. The 
combined effect of this powerful instru- 
ment is designed to resemble that of a 
full military band. 

394. The harmoniphon is played with 
Harmo. k^ys, Ukc a pianoforte, and is 
niphon. ^ iiiud of organ furnished with 
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tKin metallic plates or tongues, like a 
musical snuflF-box, instead of pipes. 
The air which acts on these vibrating 
tongues is generally blown by the 
mouth through an elastic tube. 

The harmonicum, eolophon, and fi^raphine, 
are onlj modifications of the same instrument. 

395. The accordion is a keyed in* 
sfrument whose tones, like those , ,. 

, - • 1 Accordion. 

of the harmoniphon, are ge- 
nerated by the play of wind upon me- 
tallic reeds. It is a small wind-chest, 
the sides of which are made to fold and 
expand like bellows. On the top there 
are apertures, in which the metal reeds 
are inserted and upon which they play. 
Each key commands two successive 
notes, because it plays on two apertures, 
one of which is opened when, by ex- 
panding the accordion, the wind is 
drawn in ; the other when the wind is 
forced out by closing the instrument. 
In addition to the keys there is a slide 
which opens upon reeds attuned to the 

2 3 
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tonic* and dominant |, by opening 
which the air has an harmonic;^ ac- 
companiment. The bottom of the 
wind-chest is furnished with a large 
key, by which the chest may be opened, 
and suddenly exhausted or filled, as 
need requires. A good accordion com- 
mands from two to three octaves in 
the diatonic scale. § 

396. The twang of cheap ac- 
ciatterof COKDIONS arfscs from a defect 

accordion.. Jj^ ^J^^ jj^^j^^ ^^^^^ lostCad of 

closing the apertures as they ought, 
they beat against them, and thus pro* 
duce a harsh tinny clatter. 

397. The concertina is a superior 
sort of accordion, hexagonal in 

Concertina. , -i t -i • . i 

shape, and played with stops 

* Tonic, f. e, the fundamental or principal sound 
of a note, or its octave (see 162.). 

•f Dominant is the iiflh from the tonic 

^ Harmonics are derivative sounds, produced from 
the tonic by varying the blast of a pipe or the length 
of a string. 

§ The diatonic scale is that in which the notes 
succeed by tones and semitones in the following 
order : T, T, S, T, T, T, S (see. 162.). 
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inserted in the top and bottom of the 
instrument. Each stop gives uniformly 
the same note, whether the wind-chest 
be expanded or compressed. The con- 
certina is occasionally introduced into 
the concert- room, and is capable of 
great execution. 

398. The bagpipe is a musical in- 
strument of great antiquity. 
It is of Arabian origin, although ^' 
the Romans call it an Etruscan inven- 
tion. It is now chiefly found in Scotland 
and Ireland where it is a great favourite. 
~t consists of two parts: first, of a 
" eep-skin bag, inflated by means of a 
tube inserted in the sac and furnished 
with a valve or stop-cock to prevent 
the escape of the wind ; and, secondly, 
of a pij^e and two flutes. The pipe is 
furnished with a reed, into which the 
performer blows ; and each flute is 
pierced with four finger-holes. The 
bass flute is called the drone^ and the 
other the chanter. In order to make 
this instrument speak the bag must be 
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placed under the left arm and squeezed, 
upon which the wind rushes into the 
flutes and is allowed to escape through 
diflferent finger-holes, according to the 
pleasure of the piper. 

399. There are several species of 
Different bagpipcs ", as, for example, the 
tpeciei. • gQ^ ^^^ melodious Irish bagpipe, 
with two short drones and a long one; 
the Highland bagpipe, with two short 
drones only, the music of which is 
extremely loud ; the Lowland bagpipe, 
a powerful instrument played with bel- 
lows ; a small bagpipe with a chanter 
only about eight inches long ; and some 
other varieties of less usage. 

400. The sound of the bagpipe, like 
that of the labial whistle (360.), and of 
the howling of wind through fissures 
and key-holes (356.), is occasioned by 
the shock given to the air by the wind 
pressed from the leathern sac. The 
average compass of the instrument is 
about three octaves. 
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CHAPTER VII. 
PRACTICAL ACOUSTICS. 

Sec. I. § 1. — Speaking-tubes, or tubes of com- 
munication. 
§ 2. — Speaking-trumpet. 
§ 3.-*Hearing or ear-trumpet. 
§ 4. — Stethoscope. 
Sec. IL — Sounding-boards, platforms, and seats for 
musicians. 

401. It has been already shown that 
whenever sound can diflFuse itself freely 
round its centre of propagation, it loses 
in intensity what it. gains in extent 
(105.). This rule, however, does not 
apply to sounds conveyed through a 
column of air enclosed in a tube. A 
person may transmit a sound no louder 
than a whisper, to an almost indefinite 
length by means of a cylindrical tube. 
Biot* and Martin conversed by whis- 
pers, one night in Paris, through an 

* Biot, see note at the foot of p. 100. 
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empty iron water-pipe 3000 feet in 
length. 

402. The scientific have availed them- 
selves of this important fact in order 
to transmit the human voice to con- 
siderable distances, and to assist those 
whose sense of hearing is impaired. 

The principal acoustic instruments 
in common use are — (1.) the speaking- 
tube, more correctly called the tube 
of communication ; (2.) the speaking, 
trumpet; and (3.) the ear- trumpet. 

SEC I. § 1. The Speaking-Tybe or Tvbe 
of Communication. 

403. The tube of communication, 
frequently called distinctively the acous- 
tic tubej is extensively used in coflfee- 
rooms, taverns, houses of business, 
counting-rooms, offices, and ware- 
houses, for conveying orders to the 
attendants and journeymen situated in 
different parts of the establishment. It 
is also occasionally employed on board 
ship to transmit messages from the 
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captain's cabin to the mast-head. Dr. 
Herschel has attached one to his 40- 
feet telescope, for communicating his 
observations to an assistant who sits 
under cover near the instrument. 

404, It is by no means easy to give 
a satisfactory explanation of this ^^^ 
simple phenomenon. Physio- 
logists in general suppose that the tube 
serves to reflect the rays of sound, and 
present them in bundles at the further 
extremity. There may be some slight 
truth in this conception, but it is by 
fio means free from v^vy grave objec- 
tions, and it is utterly irreconcilable 
with the fact that a tube of communi- 
cation answers its purpose quite as well 
when its interior is rough or lined with 
woollen cloth as when it is smooth and 
highly polished. In other words, the 
best reflecting surface has no apparent 
advantage over the worst. 

405. The following combination of 
causes may perhaps be less objec- 
tionable : 
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1st. The sound being limited to the 
hollow of the tube, does not diffuse 
itself in open space, but is propelled in 
one direction only ; and, as air is very 
elastic, it acquires in this direction the 
sum of the force which would be other- 
wise spread in concentric circles round 
the centre of propagation. 

2dly. The column of air confined in 
the tube is more tranquil and uniform 
than the external air ; it is not affected 
by wind or convective currents ; it is 
not able to shift its level every time 
its density is increased or diminished ; 
consequently, no part of the sound is 
lost or weakened by interference. 

3rdly. The air in the tube is capable 
of receiving from the voice of the 
speaker a stronger impulse than air 
which is more fugacious. It cannot 
yield so readily and slip away, but is 
compelled to abide the full force of the 
shock imparted to it. 

4thly. The friction and beating of 
the sound-waves against the metal 
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walls excite the resonance of the tube, 
which serves to strengthen considerably 
the force of the sound. 

5thly. Reflexion may also contribute 
its share to the phenomenon. As the 
waves impinge against the sides of 
the tube they are doubtlessly reflected 
more or less ; and being driven back on 
other waves, deepen their undulations. 

406. Sounds are propagated along a 
WALL in much the same man- a wau Con- 
ner as through a tube. Thus ''*^~'*"**' 
the noise of a gardener's hammer is 
conveyed with great distinctness from 
one extremity of a long wall to the 
other. In this case, the divergence of 
sound on two sides is prevented by the 
trough or angle formed by the wall and 
ground ; and the original noise is 
strengthened by the resonance. 

407. Dr. Button ♦ says, when on a 

* Dr. Charle9 Hutton, of Northumberland, was 
the author of a Course of Mathematics; Mathe- 
matical Tables; a Mathematical and Philosophical 
Dictionary, &c. &g. (He died 1823, aged etghty- 
six.) 

A A 
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visit to Wm. Pitt, Esq., of Kingston, 
^ „ in Devonshire, he often heard 
j*j^«- a mere whisper transmitted 
from one end to the other of 
a garden- wall above 200 feet in length, 
situated in the pleasure grounds of that 
estate. 

408. At Carisbrook Castle, Newport, 
cari«brook in the Isle of Wight, there is a 
^""- WELL 210 feet deep, and 12 feet 
in diameter. Its walls are covered 
with smooth plaster. If any one drop 
a pin into this well, he will distinctly 
hear it strike the water. The sides of 
the well form a veritable acoustic tube, 
which prevent the diflfusion of the 
sound, and the hard plaster is suffi- 
ciently elastic to increase by resonance 
the force of the report, 

409. It is well known that if any 
Speaking ouc SPEAK ovcr the moujth of a 
overaweu. ^jgj^^^ ^g ^in hear thc ccho of 

his voice with remarkable loudness. 
The sound enters the well, strikes 
against the water, is reflected upwards, 
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puts the solid masonry into a state 
of vibration, and, strengthened by re- 
sonance, returns to the embouchure. 
The well acts, therefore, as a tube of 
communication between the echo and 
the speaker. 

410. Probably the oracular responses 
at Delphi* and in the cave of Tropho* 
niusf, were delivered through tubes of 
communication by confederate priests ; 
and the speaking instruments of the 
middle ages were, without doubt, inge- 
nious co'mbinations of pipes and stops, 
concealed by the external semblance of 
a human head. 



* Delphi, a town in Fhocis, contained the most 
celebrated oracle in all Greece. The priestess who 
delivered the responses was placed on a tripod over 
a well ; and the words she uttered were taken down 
and turned into verse by a person employed for the. 
purpose. 

t The cave of Trophonius was in Boeotia, in Greece. 
He who consulted this oracle had to pass through 
numerous rites and ceremonies, many of which had a 
soporific or stupefying effect. He was ultimately 
dragged, feet foremost, into a hole underground, 
where he received the oracular response. 

A A 2 
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§ 2. Speahing-Trumpet 

411. A speaking-trumpet is simply 
a metal tube of a conical shape, having 
the length very great compared to its 
breadth. The smaller end is furnished 
with a mouth-piece adapted to sur- 
round the lips of the speaker and to 
confine his voice. The other extremity 
is spread into a bell shape by the out- 
ward curvature of the metal walls. 

Speaking-trumpets are very com- 
monly employed on board-ship and at 
public fairs. 

412. This instrument increases sound : 
ExniaiBed ^®*» bccausc thc column of «dr 

confined by the sides of the 
tube cannot slip away from the shock 
of the speaker's voice ; 2ndly, the 
sound of the voice in its progress 
through the tube is strengthened by 
resonance; and, 3rdly, the shape of 
the instrument is such as to reflect 
sound in parallel instead of in diverg- 
ing rays ; in consequence of which, a 
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large number move simultaneously to- 
wards the person at whom the trumpet 
is directed. 




The proper form of a speaking-trumpet is 
that given in the engraving, called a parabdla. 
The point M (at the orifice of the mouth-piece) 
is caUed the focus, and the dotted line the axis, 
to which the sound-rays are parallel when they 
issue from the trumpet. 

413. Although the third reason 
stated in the above paragraph is much 
the most plausible, and is generally 
given by physiologists as sufficient of 
itself to explain the phenomenon, yet 
it can be at most only subsidiary, inas- 
much as a speaking-trumpet propagates 

A A 3 
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soond with equal force whether its 
sides be highly polished so as to form 
an excellent reflecting surface, or whe- 
ther they be rough, painted, or even 
lined with coarse woollen cloth. 

414. Such is the force given to the 

voice by the speaking-trumpet, 

SiSitigt that Kircher*, by means of it, 

trumpet. ^j^^^^ ^^^ ^^^ q£ ^J^^ jy^J^ ^^j^^ 

tury, read the litany at a convent 
situated on the top of a hill, to a con- 
gregation of 1200 persons, who heard 
it at the distance of from two to five 
Italian miles. With a well-constructed 
trumpet 24 feet long a strong voice 
could make itself heard at sea for about 
three miles. 

According to Maschembrock f, a speaking 
trampet 4 feet long will transmit the voice 

* Athanasius Kircher was a learned German Je^ 
suit, an excellent orientalist and mathematician. 
His works occupy twenty folio volumes, eleven 
quarto, and three octavo. He lays claim to the in- 
vention of the JEolian harp, and of the speaking- 
trumpet. (He died 1680, aged seventy-Jive,} 

t Peter van Muschembrock was born at Utrecht, 
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2500 feet; one 16 feet long will transmit it 
8000 feet ; and one 24 feet long 15,000 feet. 

§ 3. Hearing- Trumpet. 

415. The hearing or ear- trumpet is 
employed by those whose sense of 
hearing is impaired. The application 
of this instrument is the reverse of the 

rking-trumpet. The deaf man places 
small end in his ear, and the 
speaker's voice enters at the large end. 
It is of little moment whether an ear- 
trumpet be long or short, straight or 
crooked ; whether it be made of metal 
or wood, india-rubber or gutta-percha, 
ivory, horn, or any other convenient 
material. The chief object should be 
to make the pavilion suflBiciently large 
to collect a considerable number of 
sound-waves, and then cause them to 
condense their amplitude more and 

in the Netherlands, a.d. 1692, and died 1761. He 
was a Fellow of the Royal Society of England. His 
two principal works are called (1.) Elementa Phy- 
sica^ and (2.) Compendium Physios experimentaUs. 



272 PRACTICAL ACOUSTICS. Cchae. vn. 

more till they ultimately enter the ear 
of the person using it. 

See note to No. 106. The air that enters the 
trumpet is diffused over the large square de- 
scribed on A C or A D, and is condensed at the 
small end into the small square described on 
AB; consequently, the force of the impetus 
must be verj greatly augmented. 

§ 4. The Stethoscope. 

416. The stethoscope*, invented in 
the early part of the present century 
by Dr. Laennec f , is an ingenious ap- 
plication of practical acoustics. The 
stethoscope is a small cylinder of some 
fine-grained wood, such as box, cedar, 
or maple, furnished with a funnel at 
one end and a round ivory perforated 
plate at the other. This instrument 
is used by medical men for the purpose 
of what is termed auscultation ; that is, 

♦ Stethoscope is compounded of the two Greek 
words <rT^6off <rKoir4a (/ explore the chest). 

f Professor Rene Theophile Laennec, a French 
physician, was born at Quimper, the capital of Finis- 
terre, in 1781, and died in 1826. 
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listening to the sounds made by the 
heart or by the passage of the breath 
and blood in the throat, chest, and 
other cavities of the human body. 
The wide end is applied to the part of 
the body to be sounded, and the other 
end held to the ear of the physician, who 
by this means has a clear perception of 
the sounds caused by the action of the 
lungs, &c., and can judge whether the 

gart to which his attention is directed 
e healthy or diseased. The inroads of 
consumption, inflammation in the lin- 
ings of the body, and other organic 
derangement may be thus detected 
with readiness and tolerable certainty. 
417. The explanation already given 
of tubes of communication (405.) will 
apply to the stethoscope; but its use 
is n6t so much to increase the force of 
the diagnostic sounds as to isolate 
them ; and probably it owes its popu- 
larity to convenience more than to any 
physical property it may possess. 
Often it would distress a patient to 
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have the ear and cheek of a medical 
man reclined upon the bare chest, 
loins, or back; and sometimes the 
state of the skin might render such an 
application inexpedient; in both cases 
tne use of the stethoscope answers 
every purpose without shocking the 
modesty of the patient or endangering 
the health of the physician. 

SEC II. SOUNDING-BOARDS. 

418. Every one must have noticed 
Watch or that the ticking of a watch is 
ippirS"to! much louder on a table than 
^^""^ in the pocket, in the hand, or 
suspended in a detached position on a 
hook; so also when a tuning-fork is 
excited, the sound is very feeble till 
the tip of the handle is applied to the 
body of a violin or to some other sur- 
face easy of vibration. The augment- 
ation of sound in both these instances 
is due to resonance. The sonorous 
vibrations created by the watch and 



SBC. II.] SOUNDING-BOARDS. 275 

tuning-fork put the wood upon which 
they are placed into a similar state of 
vibration, and its simultaneous shocks 
against the superincumbent air greatly 
strengthen the tone of the original 
note, and render it more audible. 

419. This is especially the case 
when the watch or tuning-fork 

is placed on an empty box or^^?mpty 
table containing empty draw- **"''* 
ers, because the air in the box or 
drawers receives corresponding vibra- 
tions from the wood, like the air in 
the " belly " of a violin, 

420. Sounding-boards are employed 
in all stringed instruments of 

. T • 1* • 1 11 Sounding 

music, in a violin, violoncello, ^J^JJ;** 
double-bass, iEolian harp, gui- ^^ 
tar, &c., the wood-work which 
forms the body of the instrument 
constitutes the sounding-board. In 
pianofortes a thin board of some light 
wood is spread over the strings to in - 
crease the volume of sound. The vi- 
brating strings first act upon the air 
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within the case ; this air impresses its 
motion on the sounding-board ; and 
the sounding-board communicates its 
vibrations to the external air. 

421. In the ancient theatres, which 
Sound were exceedingly large, there 

refleeton. ^^^e SOUND REFLECTORS diSpOSed 

round the actors to augment the 
loudness and brilliancy of their voice. 
Every one knows that certain sounds 
of the voice become more intense when 
we speak towards a large open vessel, 
because the air of the vessel vibrates 
in unison with the voice. Savart* 
conceived a very simple means where- 
by the voice is made to assume a won- 
derful roundness and force. His con- 
trivance was merely a larger cylinder 
moving on a pivot, open towards the 
speaker and either close or open at the 
other end according to option. 

422. We never now make use of 
puipito. reflectors like those of the Greek 

Platforms. - . , ^ 

stoge.. theatres; but sounding-boards 

* Savart, eee note to p. 11 8. 
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are pretty generally employed to as- 
sist the voice of public singers and 
speakers. Clergymen are elevated in a 
pulpit which ought always to have a 
false bottom or double floor. Actors 
speak from a stage ; public orators from 
a platform or hustings. In all these 
cases the volume of the voice is in- 
creased by the resonance of the vibrat- 
ing floor.^ 

423. In Italy orchestras are con- 
structed with especial reference itaiian 
to the advantage to be derived ^"^''• 
from a reciprocating floor. The plat- 
form on which the musicians are placed 
is spread over a hollow vault or cave, 
the points of support being as few as 
possible, in order that its vibrations 
may not be interrupted. This plat- 
form receives from the musical instru- 
ments a vibratory motion, imparts the 
same to the air between it and the floor 
of the building, and the whole com- 
bined gives a powerful impulse to the 
air of the concert-room. 

BB 
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424. Even in England, where the 
Seats for pTactical part of acoustics is 
musicians, g^^jy disregarded, all musicians 
know if they sit on a soft cushion or 
sofa, the sound of their voice or in- 
strument is much more feeble than 
when they stand on a platform or sit 
on a hard seat. Not so much because 
the cushion stifles the echo or reson- 
ance, as because it does not vibrate. 
The musician, therefore, who uses a 
cushioned chair or sofa loses the im- 
portant co-operation of a vibrating 
seat, and buries much sound in the 
one he injudiciously employs. 

Orchestras are sometimes improperly furnished 
with rush or cane chairs, I suppose for the sake 
of economy; for surely it must be "poverty 
and not the will consents" to an arrangement so 
injudicious. 
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CHAPTER VIII. 

ECHO. 

Sec. I. — Simple echo explained. 

§ 1. — Simple monosyllabic echo. Examples. 

§ 2 — Simple polysyllabic echo. Examples, 
Sec. II. — Compound echo explained. 

§ 1. — Compound monosyllabic echo. Examples. 

§ 2.— Compound polysyllabic echo. Examples. 
Sec. III. — Harmonic echo explained. Examples. 
Sec. IV. — Elliptical echo explained. 

St. PauTs Whispering-gallery^ and other cx- 
amples. 
Sec. V. — ^Resonance. 

425. When sound, in the course of 
its propagation, meets with an obstacle 
of sufficient dimensions it is reflected, 
as a wave of water is thrown back 
when it beats against a rock or shelv- 
ing shore. 

426. The velocity of the reflected 
sound is in every case equal to velocity 
that of the direct sound. **^«^*'**- 

427. If a sound strike against an 
obstacle perpendicularly it is reflected 

BB 2 
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in the same line ; if not, it flies off in 
Manner ofi ^n oppositc difection, in such 
reflexion, ^g^ ^^^^ ^^^ angle of rcjlexion is 

equal to the angle of incidence. Thus : 
Suppose AB to 
be a sound-ray 
striking obliquely 
against the ob- 
^ ""' ject B ; it will not, 

in such case, be reflected along the 
same line B A, but will diverge in the 
direction of BC. If a perpendicular 
(BD ) be raised from the point B between 
these two lines, it will be found that 
the angle of reflexion CBD equals the 
angle of incidence ABD. 

428. The cause of echo is not vet 
well understood; it is probable that 
the impact of the sound-waves causes 
the opposing surface to vibrate in 
much the same way as a watch or 
tuning-fork sets in vibration a " table 
of harmony," or the voice of a public 
speaker the platform on which he 
stands. The vibrations thus elicited 
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create a new sound j sometimes in uni- 
son with the direct sound, and some- 
times its 3rd, 5th, 10th, or some other 
harmonic. Such part of the direct 
sound as is not absorbed by the re- 
flecting surface amalgamates with the 
new vibrations; and the two constitute 
the echo ; so that echo is not the mere 
replication of the same veritable sound 
which struck against the opposing ob- 
stacle, but the direct sound in com- 
bination with a new sympathetic one 
provoked from the echoing surface itself. 
429. There are many striking facts 
in corroboration of this hypothesis, 
amongst which the following deserve 
attention: — (1.) The vibration of an 
echoing surface is in many cases suf- 
ficiently sensible to be actually felt; 
(2.) it is not necessary for the reflecting 
surface to be either hard or smooth, 
like a mirror, and therefore there can 
be very little resemblance between the 
reflexion of sound and the reflexion of 
light ; (3. ) every elastic substance which 

BB 3 
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stands in the path of a sound-ray 
partakes in a measure of its vibrations; 
(4.) echo is very often an harmonic of 
the direct sound, but if it were only j 
the original rays reflected, it would in f 
every case be a perfect unison ; lastly, 
echo is frequently louder than the 
direct sound. These premises seem 
sufficient to prove that echo is some- 
thing more than mere reverberation. 

430. Echoes may be divided into 
Grand SIMPLE aud COMPOUND. Each of 
ofwhS*. these may be subdivided into 

MONOSYLLABIC and POLYSYLLABIC. 

431. Simple echoes repeat a sound 
Sub. but once only. Compound echoes 
diviiion. jj^QYB than once. 

432. A simple monosyllabic echo re- 
peats once a simple sound, such as a 
single syllable or single note. 

433. A simple polysyllabic echo re- 
peats once two or more syllables or 
notes. 

434. A compound monosyllabic echo 
repeats more than once a simple sound, 



^a^ 
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such as a single syllable or single 
note. 

435. A compound polysyllabic echo 
repeats more than once two or more 
syllables or notes. 

436. Besides these four, there are 
three other sorts of echo: — The har- 
monic echo, which repeats the original 
sound in a different tone, pitch, or key ; 
the ELLIPTICAL echo; and the echo 

called RESONANCE. 

SEC. I. § I. SIMPLE MONOSYLLABIC 
ECHOES. 

437. In order to obtain a distinct 
simple echo, there must be, 1st, at 
least one reflecting surface; 2ndly, if 
there be two or more reflecting surfaces, 
they must be so placed that the reflex- 
ion from each may strike the ear at 
the same moment ; and, 3rdly, the 
surface or surfaces must be so remote 
that the echo cannot mingle with the 
primitive sound. 
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438. The places most favourable to 
piioM *^^ production of simple echo 
S'SSS"* ^^^ ^^^P ^^^^j caverns aud 

grottoes, ruined abbeys, the 
areas of vast halls, long winding pas- 
sages and cathedral aisles, isolated 
trees, mountains, banks of ice, and 
piles of buildings. These objects pre- 
sent insurmountable barriers to the 
onward progress of the sound-waves, 
which, being unable to continue their 
march, are both reflected as the rays 
of light by the impenetrable metal on 
the back of a looking-glass, and also 
by their impulsion elicit from the ob- 
stacle itself a fresh sound, which they 
either cause to succumb, or into which 
they merge. 

439. The interval occupied between 
interrai thc productiou of a sound and 
wSr^s*" its return to the point of propa- 
***""*• gation is equal to the length of 
time required by sound to travel over 
twice the entire distance between the ob- 
server and the reflecting surface* 
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Consequently, the depth of a well 
or the distance of an inacces- 
sible rock which causes an echo mHLn 
may be computed by noting 
accurately the interval between any 
given sound and its echo ; for, as the 
sound-waves must advance to the re- 
flecting surface, and return again to the 
observer before any echo can be heard, 
the interval must evidently equal the 
time required to traverse twice the 
distance of such obstacle. 

440. Sometimes two or more obstacles 
concur to produce one and the si„pte 
same echo. Where this is the J^JeriS"" 
case, the several obstacles ought ***"'•''*** 
to form parts either of an ellipse or of 
a circle. 

Thus: Let AAA A 
be four reflecting 
surfaces so placed as 
to form parts of an 
ellipse.* Let B and 

♦ An ellipse is an oval figure (see p. 12. note). Its 
two diameters are called axes. The foci of an ellipse 
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C be what are termed the two fod of 
this ellipse. If a sound proceed from 
either of these foci, it will be heard 
twice at the other. It will arrive first 
directly along the straight line BC, r 
and again indirectly along the reflected \ 
rays BA, AC. 

441. The interval which will elapse 
between these two sounds will 

tefoflthe be equal to the diflference ^ 
^ ^ between the time which the 
sound requires to pass from B to C 
directly, and that required to go first 
from B to A and 
then from A to C. 

442. Suppose, in- 
simpie echo stead of form- 
SSSSir^'inganeUipse, 
""''*'• the several 
objects compose parts 
of a circle; then a 

are two points near the ends of the longer axis, sacfa 
that, if two straight lines be drawn from them to any 
point in the circumference, they shall together equal 
the longer axis. 
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person at the centre C will hear the 
echo of his own voice from the si- 
multaneous reflexion of the opposing 
objects at A reflected to the centre 
Tvhere he stands, 

443. The interval, in this instance 
likewise, between the primitive interval 
sound and the echo will be ^S^y'*** 
equal to the time required by ^^^' 
the sound-waves to go from C to A and 
back again. 

444. If the four objects in the pre- 
ceding examples be in such a 
relative position as to form no 
part eitner of an ellipse or of 
a circle, or if either the sounding- 
body or the listener be in any other 
position except at the focus or centre, 
the different reflected rays will not 
reach his ear simultaneously^ and the 
echo will be either compound or con- 
fused. 

In the instances referred to above we have 
supposedybi/r objects concurring to produce the 
same echo ; it need scarcely be added, that tb^ 
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number of obstacles is a matter of entire indif- 
ference. Two walls or houses, or any other 
number, would do as well, provided the observer 
place himself in the focus of the ellipse^ or in 
the centre of the circle. 

445. It is often said there is no echo 
Echo at i^ *^® OPEN SEA ; thie, however, 
"•• is not correct, for experience 
testifies that echo may proceed from 
the thick clouds, the sea- waves, or from 
the sails of a ship. The report of a 
gun when a sailor shoots at a sea-bird 
is often repeated Dy the surging bil- 
lows leeward of the vessel ; and words 
uttered loudly through a speaking- 
trumpet are occasionally repeated by 
the convex side of an opposite sail. 
In both cases the wind blows, of course, 
towards the gunner or the speaker. 

There is no echo at sea without a stiff wind, 
for both surging waves and inflated sails pre- 
suppose the presence of wind. 

446. Dr. Amot relates an anecdote 
Dr. Arnot coufirmatory of sea-echo. " It 
Sgel^aT"' happened once," writes the Dr., 
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** on board a ship, sailing along the 
coast of Brazil, 100 miles from land, 
that the persons walking on deck, 
ivhen passing a certain spot, heard 
most distinctly the sound of bells vary- 
ing as in human rejoicing. All on 
board listened and were convinced, but 
the phenomenon was mysterious and 
inexplicable. Some months afterwards 
it was ascertained that the bells of the 
city of St. Salvador, on the Brazilian 
coast, had been ringing that very day 
on the occasion of a festival. The 
sound had, therefore, travelled over 
100 miles of smooth water, and, strik- 
ing the wide-spread sails of the ship, 
rendered concave by the breeze, had 
been brought to a focus, and rendered 
perceptible to all on board." 

SEC. r. § 2. SIMPLE POLYSYLLABIC 
ECHOES. 

447. A simple polysyllabic echo 
is one which articulates tiw or mor 
cc 
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syllables without repeating them a 
second time. 

448. White* records an eclio of 
Echo»t this description near Selbome, j 
seiboTD.. i^ the King's field leading to f 
Norehill, which used to repeat ten \ 
syllables, and the last as distinctly as 
the first, if quick dactyls were chosen ; 
as for example, 

" Know yfc thg l&nd 6f tli« cypr&s Snd myrtlS ? " 

The reverberation took place from a 
stone building at the distance of 258 
yards. Some time after the discovery 
of this echo, a hedge planted for the 
protection of a hop-garden obstructed 
the voice of the speaker, and silenced 
the echo. 

449. On the banks of the Lago del 
Lagodei } Lupo, above the Falls of Terni, 
Lupo. jj^ Italy, there is an echo which 

♦ Gilbert White, M.A. (Oxford), a writer on na- 
tural history and antiquities, was born at Selbome, 
in Hampshire, 1720, and died 1793. He devoted bis 
leisure to a work entitled Natural History and An- 
tiquities of Selbome. 
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articulates fifteen consecutive syl- 
lables. 

450. In Woodstock Park, Oxford- 
shire, where the beautiful Echo at 
Hosamond was confined by wood.tock. 
Henry II.*, and assassinated by his 
jealous queen, is an echo which re- 
peats seventeen syllables by day, and 
twenty by night. It may easily be 
understood how this voice has become 
superstitiously connected with the 
disembodied spirit of the unhappy 
captive. The reason why more repeti- 
tions take place by night than hj day, 
is that at night the air is more uniform^ 
because the sun no longer heats one 
part of the soil more than another, so 
as to produce ascending and descending 
currents. It is also more dense^ and 

* Henry II., jaded by the evil temper of his wife 
Eleonore, sought social comfort in the company of 
the beautiful Rosamond, the daughter of Walter 
Cliflbrd. For the sake of concealment, he kept her 
in the labyrinth at Woodstock; but the jealous 
queen discovered her retreat, and compelled her to 
drink poison A. d. 1173. 

c c 2 
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consequently more &yourable to the 
propagation of sound (85. 87.). 

451. There is a simple polysyllahic 
sbipiej ^^^ ^^ t^^ north side of Shipley 
****• Church, in Sussex, vrhich ren- 
ders as many as twenty-one consecutive 
syllables. 

452. The echo of Westminster bridge, 
vrettmintur Loudou, has attained dramatic 
bridge. celebrity. It is heard in the 
arch-roofed sitting-places, from the diy 
arches below, and vice versd. 

453. At Nancy, in France, there is a 
Nancy simplc ccho which will repeat ac- 
^^ curately an Alexandrine verse. 

454. To these several examples one 
Echo of niore may be added, not so 
GirgentL Qjuch for Its surpassing capa- 
city as for its droll celebrity. In the 
cathedral of Girgenti, in Sicily, the 
slightest whisper is borne with perfect 
distinctness from the great western 
door to the cornice of the high altar, a 
distance of 250 feet. By a curious 
coincidence the precise focus of di- 
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vergence at the former station was 
originally selected for the place of con- 
fessional. Secrets never intended for 
the public ear were communicated by 
the tell-tale echo across the church, to 
the great dismay of the confessors and 
the scandal of the people ; nor was the 
cause discovered till one day a man at 
the further extremity of the cathedral 
overheard his own wife making avowal 
of her infidelity. TJie husband being 
unable to keep the secret thus strangely 
divulged, the confessional was forth- 
with removed to another part of the 
building. 

455. Simple polysyllabic echoes de- 
pend solely on the distance of 
the echoing surface. The last ^y!yufbie 
of all the syllables to be re-"***^ 
peated must be pronounced by the 
speaker before the echo of the first 
reaches his ear; otherwise the echo 
will not be distinct and intelligible. 
In the ordinary manner of speaking, a 
person pronounces about eight syllables 

c c 3 
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in a second, and sound travels 1120 
feet in the same time; consequently* 
if the reverberating obstacle be only 
140 feet distant, it can repeat but one 
syllable ; if it be 280, it will return two 
syllables; if 560 feet, three syUables; 
and so on, 140 feet being allowed for 
each separate syllable. 

The reason is manifest ; the sound has to 
go and return before an echo can be heard. As 
sound travels 1120 feet in a second, it must 
have a clear 560 feet to advance, and 560 feet 
to return in order to make up a second ; but as 
all the syllables to be echoed must be pro- 
nounced bj the speaker before the echo of the 
first is heard, the time required to utter the 
syllables must be deducted. Suppose, therefore, 
eight syllables to be articulated in a second, 560 
feet in a direct line must be allowed for the 
utterance of these syllables, and 560 more for 
the repetition of them by the echo ; conse- 
quently the obstacle must be at least 1120 feet 
distant. If four syllables be echoed, the re- 
flecting surface must be half as far off, or 560 
feet ; if two syllables, it must be a quarter that 
distance, or 280 feet ; if only one^ it must be 
half-a-quarter, or an eighth, of that distance, that 
is 140 feet. 
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SEC. II, § 1. COMPOUND MONOSYLLABIC 
ECHOES. 

456. A COMPOUND MONOSYLLABIC 

echo repeats two or more times cag«i 
one syllable or one note. Thus, ******* 
in the centre of Konigsplatz, at Cassel, 
in Germany, where six streets meet in 
a large oval, there is an echo which 
repeats a sound six times distinctly. 

457. At the classic tower of Cyzicus*, 
on the Mysian bridge, in Asia Behoof 
Minor, a word used to be echoed ^yzicu.. 
(according to tradition) seven times. 

458. At Thornby Castle, Gloucester- 
shire, is an echo which repeats Echo at 
ten times distinctly; and at '^''^' 
Brussels these is one which repeats a 
word fifteen times. 

^ ♦ Cyzicus, one of the most powerful cities of an- 
cient Greece, stood upon an island of the same name. 
It was originally united to Mjsia, in Asia Minor, b^ 
two bridges ; but Alexander the Great changed this 
mode of communication for a mole of earth, which 
subsecjuently accumulated to a considerable isthmus. 
Its buddings, coins, and laws were without parallel. 
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459. At Lurley-fels, on the banks 
Echo at of the Rhine, is a very famous 
Luriej.feb- n^tural echo. If in favourable 
weather a musket be fired on one side 




of the river, its report will be reflected 
from crag to crag till it dies gradually 
away, and, after seventeen repetitions, 
finally ceases. 

Here P is the point whence the sound ori- 
ginates. After crossing the river it strikes the 
crag 1., is reflected to crag 2., then back to 3., 
then to 4., then to 5., &c. till it is ultimatelj lost 
in the direction of E. 



■^ 
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460. Sir John Herschel has noticed 
a. remarkable echo at the Menai Henat 
bridge.* The blow of a hammer "''**^ 
on one of the main piers, he says, is 
successively returned to each cross- 
beam which supports the roadway, and 

from the opposite pier 576 feet distant. 

Altogether the sound of the percussion 

is repeated twenty-eight times in five 

seconds. 

461. At the Palace of Simonetta, 
near Milan, in Italy, there is an Behoof 
echo which returns fifty or sixty ®*™°"®*'»- 
times the report of a pistol. The 
palace has two wings ; and when a 
pistol is fired from a window in one of 
the wings, the sound is reflected from 
a long dead wall in the other, and is 
heard at the hack of the villa, 

462. Echoes of this description are 
occasioned either by the echocauwof 
itself being again reverberated *^p- *^**°- 

* The Menai suspension-bridge is thrown across 
the strait which separates the Isle of Anglesey from 

Wales. 
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from other objects, or else by several 
obstacles so placed as to form sup- 
plementary ellipses or concentric cir- 
cles. 

463. In the latter case, the echo 
proceeding from the larger ellipse or 
circle will reach the ear later than that 
which proceeds from the less. Thus : 
Suppose AAA A ^ 
to be four ob- ~ 
jects forming 
parts of the 
inner circle; and 
BBBBfourob- 
jects situated in 
the circumfer- 
ence of the outer. 
Then a person 
at C, the common centre, will hear 
his voice echoed first by the nearer 
obstacles marked A, and then by the 
objects (B) the more remote. 

464. The interval between the first 
lutcrvai be. aud thc sccoud echo will be equal, 
echoes, in this casc, to the difference 
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between the time required by sound to 
go up and down the longer radii C B, 
and that which suffices to reach the 
circumference of the inner circle, and 
return again to the centre. 

465. Sometimes, however, a com- 
pound monosyllabic echo is Echo of 
merely the echo of an echo, as *""'***'• 
that of Lurley-fels, already described 
(459.). Of the same character also is 
the celebrated echo near Verdun, in 
France. About nine miles dis- Echo of 
tant from this town there are ^*'^""' 
two large towers, detached from a kind 
of hostel, or inn, and distant from each 
other 180 feet. One of these towers has 
a vaulted chamber of cleft stone, the 
other has a kind of vaulted vestibule. 
When a person stands in a direct line 
midway between these towers and pro- 
nounces a word in a pretty high key, 
he will hear it repeated twelve or 
thirteen times by the two towers al- 
ternately; in much the same way as 
the reflexions of objects are multiplied 
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by two looking-glasses which face each 
other. 




Let A and A be the two towers, C the 
person from whom the sound proceeds, 
placed exactly midway between them. 
He will first hear the direct sound 
echoed simultaneously from each tower. 
These two echoes, having reached C, 
will then fly respectively to the oppo- 
site tower, and be again reverberated 
to C. This will be repeated till the 
echoes are too feeble to be longer au- 
dible. 

466. The time occupied between 

Interval *^^ ^^^^ ^^^ SCCOud CCho wiU 

between bc CQual to thc tlmc which 

tne echoes. _* , 

sound requires to go from one 
tower to the other. 
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467. Ify however, the person from 
whom the sound proceeds be unequal 
not placed exactly midway be- *»**"*^ 
tween two such towers, ne will hear 
echoes which follow each other at un- 
equal intervals. For example : He will 



hear, 1st, the echo from (A) the nearer 
object ; 2ndly, the echo from (B) the 
object more remote; 3rdly, the echo 
proceeding from the object B, rever- 
berated by A ; and, 4thly, the echo 
from the object A reverberated by B. 
These echoes will be repeated, each 
time more feebly, till the sound- 
waves are exhausted and no longer 
audible. 

In order that such an echo be possible, the 
distance from A to C must be at least 140 feet, 
und the distance of the further object 47 feet 

DD 
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more. It has been stated already that 140 feet 
must be allowed for a single echo (45o. note) ; 
and the reason why the further object must be 
at least 47 feet more is this : the double of 47 is 
94, and 94 is the tweJfih part of 1120, the dis- 
tance sound travels in a second. Experience 
shows that whenever two sounds succeed each 
other at an interval less than the twelfth part 
of a second, they constitute but one sensible im- 
pression; but when a greater length of time 
elapses between them, each of the two sounds 
is appreciable. 

468. Each successive echo is more 
feeble than the preceding, be- 

Enchsuc- ., ,* *-' • 

^^^vewho cause the sound-waves are m 
** part absorbed by the reflecting 
surfaces ; in part dissipated by the as- 
cending and descending currents of air, 
by wind and shadows ; and in part ob- 
literated by the resistance of the atmO' 
sphere through which they pass. 



SEC. II. § 2. COMPOUND POLYSYLLABIC 
ECHOES. 

469. Compound polysyllabic echoes 
repeat two or more syllables two or more 
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times. The following examples are 
Sufficiently remarkable : — 

470. At Andersbach, in Bohemia, is 
a forest of isolated rocks, which Echo at 
form a species of labyrinth. ^"^""***^**' 
These rocks are situated in a plain three 
miles and a half in circumference. The 
rocks are peaked, but their heights vary 
considerably. The highest is about 200 
feet above the level of the plain. Near 
the outer base of this gigantic group 
is a very remarkable echo, which repeats 
seven syllables thrice without con- 
founding the sounds. The person who 
speaks must stand a short distance 
from the largest rock, pronounce his 
sentence in a low voice, and he will 
hear it rendered most faithfully. If, 
however, he move from what is called 
the phonic point*^ the loudest cry or 
even thie report of a gun will proauce 
no echo whatsoever. 

♦ The phonic point is the place where a person 
must i)lace himself in order to elicit an echo. It is 
the point whence the direct sound originates. 
DD 2 
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471. Gassendi*, the eminent philo- 
Echo at sopher and mathematician, 
Mctteiii. gpeaks of an extraordinary echo 
in Rome at the sepulchre of Metella, 
the wife of Crassus. This echo, he 
assures us, was capahle of repeating 
eight times correctly the first verse of 
Virgil's jEneid, which contains fifteen 
syllables.! It is obvious that the tomb 
must have been of great length, for 
it would require two seconds to pro- 
nounce articulately a whole hexameter 
line, and, therefore, for only one single 
repetition the reflecting surface must 
have been 1120 feet from the speaker 
(455. note). 

472. A compound polysyllabic echo 
Cause of can exist only under the follow- 
JSiJSJuSbic ing conditions: — First, there 
*^**°"' must be at least two reflecting 
surfaces ; secondly, these surfaces must 

♦ Peter Gassendi was born at Di<?ne, in France, 
A. D. 1592, and died in 1655. He was one of the 
]|iost eminent mathematicians that ever lived. 

t Arma trirumque cano Troja qui primus ab oris. 
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be at unequal distances; thirdly, the 
nearer must be at least 280 feet from 
the phonic point ; . and, fourthly, the 
more remote must be at least 47 feet 
further from the point whence the di- 
rect sound originates (467. note). 

473. The more the reflecting sur- 
faces are multiplied at unequal Number or 
distances the more/r^j'wm^ will "**"""*""• 
be the repetitions; and the greater 
the distance of any obstable the more 
syllables or notes will be correctly 
rendered* 



SEC. in. THE HARMONIC ECHO. 

474. The habmonic echo repeats in 
a different tone or key the direct sound. 
The harmonic is generally either the 
3rd, 5th, or 10th of the tonic. 
. 475. This phenomenon can be ex- 
plained only on the hypothesis 
already stated (428.), that echo 
is not simply the direct sound reverbe- 
rated, but a new sound elicited from 

DD 3 
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the echoing surface. In ordinary echoes 
the new sound succumbs to the tonic ; 
but in harmonic echoes, the new vibra- 
tions being the more powerful, absorb 
and assimUate the direct sound. 

The more powerful note buries or absorbs the 
more feeble. This may be illustrated bjr a 
flageolet or organ pipe. Two sounds are fre- 
quently uttered simultaneously by these instru- 
ments, one proceeding through the notch called 
the mouth of the pipe, and the other through its 
foot The latter being the more powerful takes 
up the other to fortify its own note. 

Another no less remarkable illustration is 
mentioned in No. 488. 

476. On the river Nahe, near Bergen, 
Edioat and not far from Coblentz, is 
^^*^'*- an echo, thus described by Bar- 
thius*: — It makes seventeen repetitions 
at unequal intervals. Sometimes the 
echo seems to approach the listener, 
sometimes to be retreating from him ; 
sometimes it is very distinct, at others 

* Gaspard Barthius, a Prussian critic, commen- 
tator, and Latin poet, was born 1587, and died 1658. 
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extremely feeble; at one time it is 
heard at the right, and the next at the 
left ; now in unison with the direct 
sound, and presently a 3rd, 5th or 10th 
of the fundamental. Occasionally it 
seems to combine two or more voices 
in harmony, but more frequently it 
resembles the voice of a single mimic. 

477. At Paisley, in ScotUmd, there is 
a somewhat similar echo in the ^^.^ .^ 
burying-place of Lord Paisley, ^**'**^- 
Marquis of Abercom. Musical notes 
rise softly, swell till the several echoes 
have reverberated the sound either in 
unison or harmony, and then die away 
in gentle cadence. 

478. At the Lake of Killarney, in 
Ireland, is a very celebrated Bcho«t 
harmonic echo, which renders ^"*»"*y- 
an excellent second to any shnple air 
played on a bugle. 

479. There was formerly, according 
to the authority of Dr. Birch*, an har- . 

* Dr. Thomas Birch was born in London 1705, 
and died 1765. He was a very yoluminous, but in^* 
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monic echo no less remarkable, seven- 
Echo at teen miles above Glasgow, near a 
RoMMth. uiangion called Rosneath. If a 
trumpeter played eight or ten notes, 
the echo would repeat them correctly 
a 3rd lower. After a short silence, 
another repetition was heard, still lower 
than the former; and after a similar 
pause the same notes were repeated a 
third time, in a lower key and feebler 
tone, but, nevertheless, with the same 
undeviating fidelity. This echo no 
longer exists. 

SEC. IV. THE ELLIPTICAL ECHO. 

480. This is not, strictly speaking, 
an echo, but simply a resonance^ inas- 
much as the listener does not hear a 
sound repeated, but merely magnified. 
All " whispering galleries" may be 
classed under this category. 

481. Let the subjoined woodcut 

discriminate writer. His works, which are chiefly 
biographical, are exceedin^y yaluable for reference ; 
and Dr. Johnson is repeatedlj indebted to them. 
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represent the elliptical roof of some 
cathedral, crypt, cave, or vault* cauwof 
Let A and B be the two Sh?.*''** 
foci* of the 
ellipse; then 
a whisper 
proceeding 
from one fo- 
cus (say A) will be heard at the other 
(B) with great accession of sound, 
because all the rays represented by the 
several lines A C will simultaneously 
converge there, and blend into a com- 
mon sound equal to the sum of all 
the echoes. The following are good 
examples : — 

482. The Whispering Gallery of St. 
Paul's is 140 yards in circum* st vbuvb 
ference, and situated just below ^*'"p-^*"- 
the dome, which is 10 feet larger. A 
stone seat runs round the gallery along 

* If in the figure the straight line bounded by 
the two walls represent the larger axis, or diameter 
of the elliptieal roof, the foci are two points (A and 
B) towards its extremities, such that A C fC B=: 
the entire line from wall to walL 
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the front of the wall. On the side op- 
posite the door by which strangers 
enter several yards of the seat are co- 
vered with matting, on which the vi- 
sitors being seated, the man who shows 
the gallery whispers with his mouth 
near the wall, at the distance of 140 
feet from the listeners, who hear the 
words in a loud voice seemingly close 
to their ear. The mere shutting of the 
door produces a sound like a peal of 
thunder rolling among mountains. 

483. Persons situated in any other 
points except one of the foci are not 
sensible of these effects; because the 
sound-rays of one focus, being reflected, 
converge only at the opposite. Thus, in 
the woodcut attached to No. 481., two 

Sersons situated respectively at A and 
• might converse together in whispers 
without being heard by others either 
behind them or between these two 
points. 

484. The vestibule, or, as it is called, 
" The Hall of Secrets" in the Obser- 
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vatory of Paris produces a similar 
effect, even in a more perfect Haiiof 
manner, than St. Paul's Gallery. **"**• 
This hall is of an octagonal form, with 
cloister arches, which meet at angles 
corresponding to those formed by the 
sides of the building. The speaker ap- 
plies his mouth very close to the wall 
at one of the angles, and the person 
situated at the opposite angle hears the 
slightest whisper. 

485. In erecting the baptistry of the 
Church of Pisa, in Italy, the Baptistry 
architect, Giovanni Pisano, dis- **^^* 
posed the cupola in such a manner that 
any noise from below is followed with a 
loud long double echo. Two persons 
whispering, and standing with their 
face near the wall, opposite to each 
other, can converse together without 
being overheard by the company be- 
tween. This arises, of course, from 
the elliptical form of the cupola, each 
person being placed in the focus of the 
ellipse. 
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486. In the Cathedral of Gloucester 
oioueerter there Is ail octagonal gallery 
Cathedral. ^\^yq thg eastem extremity of 

the choir, which extends from one end of 
the church to the other. If two persons, 
placed at the distance of seventy-five 
feet from each other, converse together 
in the softest whispers they can dis- 
tinctly hear what is said. 

487. At the Abbey Church of St 
st.Aiban*! Alban's, in Hertfordshire, the 
Church, ticking of a watch may be heard 
from one end of the edifice to the 
other. 

To these numerous examples may be 
added the crypt of the Pantheon, and 
the large room in the " Conservatoire 
des Arts et Metiers," both in Paris. . 

488. The chief reason why chanting 
Chanting sud INTONING thc service was 
twins' originally adopted in cathedrals 
is because the nearly monotonous voice 
blends in unison with the echo. A 
good " reader " will so time his syl- 
lables as to make each subsequent 
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one fall in with the echo of the preced- 
ing; in which case, although the syl- 
lables be altogether different, the re- 
turning echo will be arrested and merge 
itself in the louder sound; in con- 
sequence of which, much indistinctness 
of delivery will be prevented. 

SEC. V. RESONANCE. 

489. The walls, floor, and ceiling 
echo every sound which is produced in 
a room; but unless they are at least 
forty-seven feet distant the echoes 
combine with the direct sound, and 
increase by resonance its volume and 
length. 

4y0. If the distance of a reflecting 
surface be less than forty-seven feet 
the echo will return in less time than 
the twelfth of a second; within which 
interval the ear is incapable of appre- 
ciating separate impressions. 

491. It is of the utmost importance 
that buildings designed for large audi- 

E£I 
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tones, such as theatres, churches, and 
conitruc lecture-rooms, should be so 
ilSure. constructed that there may be 
'~"^ no perceptible echo froni the 
walls, but a sufficient resonance to give 
tone and volume to the speaker's voice. 
The best form for the interior of such 
rooms is that their length be about two- 
thirds greater than their breadth, in 
order that the sounds reflected from 
the side walls may mingle with the 
voice and strengthen it. The height 
should somewhat exceed the breadth, 
and the ceiling should he coved, that 
is, made in the shape of a coach-roof. 

492. If a lecture-room produce a 
Echo pre- distluct ccho SO as to render 
ventel words coufuscd and indistinct, or 
so as to annoy the audience with inces- 
sant murmur, drapery should be hung 
upon the walls. Venetian shutters are 
excellent preventatives of echo, especi- 
ally when they are drawn forward. 
Matting, or any soft covering on the 
floor, serves to prevent the noise of feet 
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and to absorb reverberation. The tran- 
septs of a church are most inconvenient 
to a speaker, because of the repeated 
reflexions from these recesses, which 
greatly weaken the sound of his voice. 
The echo of the chancel may be obvi- 
ated by erecting a concave parabolic 
surface behind the pulpit, so that the 
speaker may place himself in the focus. 

Near Leeds, in Yorkshire, is a public lecture- 
room, where the echo was at one time quite dis- 
tressing ; but Venetian shutters have been placed 
against the windows, and whenever the audience 
is small, and the noise fatiguing the shutters are 
brought forward; when the room is full they 
are thrown back. The contrivance is found to 
answer admirably welL 

493. Resonance bears much the 
same relation to sound as colour 
does to light ; the timbre or tone 
of a musical instrument, as well as its 
volume, are principally the effect of 
resonance. If it were not for reson- 
ance the thin length of wire or catgut 
of pianofortes, harps, and violins would 
produce notes too feeble to be heard 5 

EB t 
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a room of moderate dimensions. If it 
were not for resonance from the solid 
mass of the human head the sound of 
the voice would never rise beyond a 
whisper. It is from resonance that 
words uttered in a room are louder 
than in the open air. It is from re- 
sonance that wind instruments increase 
the sound created at their embouchure. 
If, on the other hand, the ear were 
more delicate, so as to be capable of 
appreciating every impulse, the con- 
fusion of sounds would be truly ter- 
rific. The racket of rolling carts would 
be distracting from the rattle of their 
innumerable echoes. Every sound 
in our houses, every word in our 
churches, would be repeated ten thou- 
sand times. We should hear the direct 
sound of one syllable mingled with the 
reflexions of another, and both recur- 
ring so frequently, that language would 
be a Babel of " confusion worse con- 
founded." The voice of aflfection and 
of love, so tranquil, so soothing, and so 
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gentle, would be a clatter more painful 
than the gibbering of a stammerer. The 
song of the nightingale and thrush, the 
chirp of the cricket, the purring of the 
cat, and the baying of the yard-dog 
would be moulJied and mocked by 
every object around with a pertinacity 
more wearisome than the clack of a 
windmill, the pattering of the eaves- 
drop, or the monotonous creaking of a 
country sign. All the sounds which 
now delight the fancy and thrill the 
soul with their harmonious order and 
variety would resemble sonorous mists, 
and be no more intelligible to the ear 
than the separate oscillations of a vi- 
brating harp-string, or the different 
spokes of a rapidly revolving wheel are 
appreciable by the eye. So perfect are 
all the works of God, that even their 
imperfections mark His consummate 
wisdom and unceasing love. 
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CHAPTER IX. 
THE VOICE. 



Sec. L— The human voice. 
The larynx. 
§ 1. — Force of the voice. 

The as8^ hurleuTy sapajou. 
The feeble voice of aid age, 
§ 2.— Pitch of the voice. 

Effect of singing on the countenance. 
The breahing voice of hoys. 
Compass of the human voice, 
§ 3. — Timbre or tone of the voice. 
§ 4. — Speaking. 
I 5. — ^Ventriloquism. 
Sec. II. — ^Voice of birds. 
Sec. III. — ^Voice of reptiles. 
Sec. IV. — Humming, buzzing, &c., of insects. 



SEC. I. THE HUMAN VOICE. 

494. All animals belonging to the 
class mammalia*, as well as birds and 

« Mammalia; that is, all animals which suckle 
their ^ounff. Whales are an exception ; they have 
no voice, although they belong to the class mam- 
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certain reptiles, have a voice. In many 
it is limited to a few uncouth screams, 
bellowings, cacklings, roarings, croak- 
ings, or other noises of a somewhat 
similar character. In singing birds it 
assumes a rich musical delicacy of great 
sweetness; and in the human species 
it has a perfection which marks the 
superiority of man to every creature 
put in subjection under him. 

495. The vocal apparatus of man 
consists of three parts : — 

I. The LUNGS, which supply the air, 
the generative element of vocal sounds ; 

II. The LARYNX, the generative organ 
of vocal sounds ; 

III. The THROAT, MOUTH, and nose, 
which articulate, modify, and reinforce 
the voice. 

496. The lungs, which occupy the 
cavity of the thorax, are two spongy 

malia. Their larynx forms a pyramid, the pinnacle 
of which is situated in the nasal fosses ; at each side 
of this pyramid is a passage for their food, surmounted 
by a round mucous membrane serving for an epi- 
glottis. This arrangement enables them to swallow 
and spout forth water. 
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substances performing the office of re- 
spiration. 

The windpipe is 
rooted in the lun^s by 
two branches, and ter- 
minated at the upper 
extremity by a sort 
of cartila^nous box 
called the larynx. 

The trachea receives 
the wind from the 
lungs, as the socket 
of an organ-pipe re- 
ceives the blast of the 
bellows, and holds it 
in store till it passes 
into the vocal tube. 

497. The larynx is o.hyoiA| 
Adami situated in the 
apple. cavity behind 
the tongue; it is in 
reality a continuation 
of the windpipe, and 
its profile forms that 
protuberance in the throat of a man 
called the AdarrCs apple. 




Profile of the 
LaTyn:x. 



Adam's 
apple. 
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498. The breath passes from the 
windpipe into the laiyiiXoiaiti.«id 
tlirouffh a smaU chink called ^^-^ ~'^ 
tlie glottis^ which is hedged in on both 

Floor of the Larvnx. 




Sides by what are termed the vocal 
cords. 

In the. woodcut the black part between the 
vocal cords represents the glottis. 

499. A little above the vocal cords 
the walls of the larynx curve ^^^^^.^^^ 
into two small cells called ven- ^^^^^ " 
fyicleSj the roofs of which are 
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formed by two ligaments resembling 
the vocal cords. 

500. The top of the larjmx is sur- 
^,^ mounted by a Ud, j^y,^^,^ 

named the epiglottis^ Larynx 
which shuts down when a ^^SSS^tS^\ 
person swallows, to prevent 
the food from entering into 
the windpipe, or "going 
the wrong way." 

501. Vocal sounds are 
produced in the 

Production -J. n . ■« . , . 

of vocal folio wmflf manner : e, epiglottis. 

•oundi. ^ O V V, ventricles. 

1 he vocal cords are c c, vocai corfs. 
first stretched by the in- ^ ^^"^ 
sensible influence of the will. By the 
action of breathing, air is then forced 
rapidly from the lungs into the wind- 
pipe. When it reaches the narrow 
chink called the glottis, it impinges 
against the two vocal ligaments, by 
which it is impeded, and the shock sets 
them in vibration. The vibration of 
these ligaments is communicated to 
the air in the larynx; the sound is 
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reinforced by the ventricles, dhd ulti- 
mately makes its way through the 
mouth and nostrils. 

The resemblance between the vocal apparatus 
of man and an organ reed-pipe is sufficiently strik- 
ing. The lungs are represented bj bellows, the 
windpipe by the socket, the vocal cords by the 
languet, and the glottis by the mouth of the 
pipe through which the wind enters into the 
vocal tube. 

The resemblance, however, fails in the follow- 
ing respects : — The vocal cords of the human 
throat are situated at the upper end of the 
windpipe, whereas the languet of an organ-pipe 
is placed near the bottom of the tube. The vocal 
cords of man act like the reeds of a hautboy, 
but the languet of an organ like the steel 
tongues of a musical snuff-box. The chink of 
the glottis is situated between the two vocal liga- 
ments, but the mouth of an organ-pipe has a 
different position. 

502. The vocal ligaments are the 
seat of the voice ; yet the cavities Regonance 
of the chest, throat, and mouth, **'"*•' ^°^~- 
together with their appendages and 
with the bony mass of the skull con- 
tribute greatly to its resonance agree- 
ably to a principle of universal applica- 
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tion, thSt all substances in communica- 
tion with a sonorous body enter into 
vibration with itj and increase its sound 
without changing its tone. It is thus . 
that the case of a drum and the body ( 
of a violin increase by resonance the ' 
volume of sound produced by these in- 
struments. 

That the vocal cords are really the seat of 
sound in the larjmx will be manifest from the 
following considerations: — The power of ut- 
tering sounds is destroyed only by cutting or 
parafysing the vocal ligaments. All the other 
parts of the larynx may be destroyed without 
extinguishing the voice. Slit the upper liga- 

Floor of the Laiynx. 
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ments of the glottis, and the voice persists not- 
vrithstanding. Cut the summit of the arytenoid 
cartilages, and the voice is affected only in 
quality and tone. It is the same of the epiglottis, 
if its muscles be cut or otherwise injured. 
But once destroy or paralyse the vocal cords by 
cutting the middle of the arytenoids, or by slit- 
ting longitudinally the thyroid, and the voice is 
irrecoverably destroyed. 

§ 1. Force of the Voice. 

503. The force or volume of the 
VOICE depends chiefly on : 

I. The quantity of air which is driven 
from the lungs into the windpipe ; 

II. The energy with which this cur- 
rent is directed ; and 

III. Certain physical conditions 
which vary not only in diflferent indi* 
viduals, but even in the same person 
at different times. 

504. The general stature of an 
animal has no influence whatsoever 
on its vocal powers, inasmuch as the 
smallest animals have frequentlv the 
loudest voice : witness the braymg of 

FF 
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an ass compared with the snort of a 
horse, elephant, or rhinoceros. Wit- 
ness again the whistle of a blackbird 
and song of a lark, at least four times 
louder than the roaring of an angry 
lion*. But as the volume of the voice 
is dependent on the quantity of air 
driven into the larynx in a given time, 
those persons who are possessed of the 
largest chest are generally enabled to 
sustain their voice in its full strength 
longer than others. 

After a full meal the voice is always 
Voice feeble feeble, bccause the capacity of 
after. meaL^j^^ thorax or in Ward part of 
the chest is diminished f, and the sup- 
ply of air from the lungs is less liberal. 
Other causes contribute to this en- 
feeblement of the voice after a meal ; 

* The voice of a lark elevated three miles higli in 
the air may be distinctly heard, whereas neither the 
shout of a man nor the roar of a lion could be heard 
at the sixth part of that distance. 

f The diaphragm, or partition which separates the 
stomach from the chest, being elevated ifter a full 
meal, diminishes the capacity of the thorax. 
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as, for instance, the inability of making 
such large inspirations as when diges- 
tion has advanced further, — the need 
^vhich the muscles have of repose, — and 
their unwillingness at such a time for 
energetic action. 

505. The size of the larynx and of 
its cavities or ventricles has, p .^^.^ 
doubtless, a considerable influ- /"^"p*"* 
ence on the force of the voice. 
When the swelling of the throat, called 
the AdwrrCs apple^ is very prominent, 
it generally indicates great vocal power 
inasmuch as it is consistent with a 
large development of the ventricles. 
On the other hand, the voice of chil- 
dren and women is more feeble than 
that of a man, because their larynx is 
considerably smaller. 

The LION is remarkable for the ex- 
traordinary volume of his la- ^^.^^ 
rynx, quite sufficient to account 
for the force of his roar, although, like 
all other animals of the same genus, 
he has no laryngean ventricles. 

PF « 
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The feeble screech of infants arises in a great 
measure from there being no bony matter in 
their head to increase by resonance the volume 
of their cry. As the ossification of the skull 
proceeds the voice becomes firmer and stronger. 

506. In some animals of deafening 
Am and powsF of voice the larynx con- 
hurieur. tains othcF cells besides the 
two ventricles : thus in the ass and in 
that group of monkeys common in 
South America, called the sapajou 
hurleurs,* there are two membranous 
sacs attached to the upper rimf of 
the larynx, communicating with its 

'^ The sapajous, common in South America, are a 
group of monkeys, including some fifteen or sixteen 
species, amongst which may be named the homed 
sapajou {Cebus fatueUtui)^ the Capuchin or monk, the 
weeper (Cebtu apella)^ and the stentor or hurleur. 
All the species have prehensile tails, climb well, and 
are rery active ; they are smaU in size, and gregari- 
ous. It is said that the cry of the hurleur at sunrise, 
sunset, and especially at the approach of a storm, may 
be heard at the distance of a mile and a quarter^ 

t This rim is technicAlly called the os h^oid («ea 
Jig, 497.)- The membrane which attaches it to the 
lower part of the larynx is dilated into two cells or 
sacs, one on each side. These cells communicate, by 
means of an aperture, with the bottom of the two 
ventricles of the larynx. 
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ventricles; and the hideous intensity 
of shriek which proceeds from these 
little animals is owing to the resonance 
of their voice in these cavities. ^ 

The HOG also has two lateral sacs, 
similar to those of the sapajou, ^^ 
and communicating with the 
ventricles, which are exceedingly small. 
The grunt of the hog is owing to the 
resonance of the voice in these two spa- 
cious cavities. 

The NEIGHING of HORSES is duc to 
the rapid oscillations of a thin Neighingj 
semicircular membrane situated °^^*»'"**- 
just above the ligaments of the glottis. 
The ventricles of the horse are much 
smaller than those of the ass, and its 
vocal cords extremely short. 

507. The feebleness of the voice in 
old age is due to several concomitant 
causes : ( 1 . ) To the ossification voice of 
of certain parts of the larynx; **»^^*^- 
(2.) to the general feebleness of all mus- 
cular action; (3.) to the sinking-in or 
shrinking-up of the various parts of 

FF 3 
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the body, in which the throat parti- 
cipates, as may be seen in the shrivelled 
neck of the aged; (4.) to the weakness 
or even difficulty of respiration, and 
probablv to some minor causes, peculiar 
or accidental. 

508. Lastly, the force of the voice 
Voice obeyt is Incrcascd by opening fully 
the win. ^j^g mouth, flattening the tongue, 
and causing the fleshy curtain* at the 
back of the mouth to contract so as to 
make the passage larger. All these 
conditions being either dependent on 
the will, or subject to " guiding emo- 
tions", or influenced by the automatic 
operation of passing ideas, man can 
lower his voice at one moment into a 
whisper, elevate it at another into a 
yell, pour into it the fervour of passion 
and declamation, or modulate it into 
the medium tone of social intercourse 
and general conversation. 

* This curtain is called by anatomists velum palati. 
The uvula forms it into two arches ; and the tonsiU 
are situated at each side of it. 
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§ 2. Pitch of the Voice. 

509. The grarity or shrillness of 
every sound depends always on the 
number of vibrations made in a given 
time. Rapid vibrations produce shrill 
or acute sounds; slower vibrations 
those that are more flat and grave (63.). 

In stringed instruments a variety of 
pitch is efifected by varying the length, 
thickness, and tension of the strings 
(64.) ; in wind instruments by varying 
the comparative force of the blast, the 
length of the tube, and the size both 
of the embouchure and of the pavilion 
(65.). 

All these artifices, except perhaps 
the force of the breath, are effective in 
varying the pitch of the human voice. 
The length, thickness, and tension of 
the vocal cords may be varied at will 
by the mere play of the laryngean car- 
tilages * ; the chink of the glottis may 

* The vocal ligaments maj be rendered more or 
less tense by the movement of the thyroid cartilage 
Cseejig, 498.). They are tightened by the depression 
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be dilated or contracted by the same 
instrumentality.* By elevating or de- 
pressing the larynx the length of the 
vocal tube is altered ; and by opening 
the mouth more or less, the size of the 
pavilion is varied. 

610. Artists have availed themselves 
Mu8ici«tii of these two last observations, 
painted, insomuch that any one, on in- 

of its front upon the cricoid cartilage, and skuskened 
by its elevation ; as any one may easily ascertain by 
placing his finger against the little depression which 
may be readily felt exteriorly. 

* The vocal cords may be brought into closer ap- 
position by the movement of the arytenoid cartilage ; 
being made either to approximate more closely, or 
to recede in such a manner as to cause the chink of 
the glottis to assume the form of a nan*ow V. In a 
word, the 



open the glottis. 
- cloJte the glottis. 



Cbico-abttenoidbus posticus 
c&ico-tht&oiueus - 
Cbico-abttenoidbus latebaus 
Abttenoideus tbansvebsus 
Thtbo-abytbnoidbus 

The closure of the glottis forms part of the acts of 
cou^hiTi^ and sneezing. The object of the former 
action 18 to expel substances from the throat which. 
are a source pf irritation there ; the object of sneez- 
ing is to expel from the nostrilt that wnich produces 
an irritation in this air-passsigo. 
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specting a picture of vocal musicians, 
may recognise in a moment the rdle they 
are each represented to take. The 
open mouth, projecting chin, and ele- 
vated eye, cannot fail to represent an 
alto or treble singer. The half-closed 
mouth, forehead brought forward, neck 
contracted, chin lowered and forced 
into the throat, bespeak a low bass. 
Whereas, when we see the superior lip 
curled upwards, the head thrown back, 
the eyes contracted, and all the muscles 
of the face rigid and overstrained, we 
are certain that the artist designs to 
depict a falsetto singer labouring to 
contract the muscles of his throat and 
to make the upper part of the vocal 
tube as rigid as possible. 

For bass sounds the Adam's apple is drawn 
down and dilated by the play of certain muscles, 
and thus the vocal tube is shortened while its 
aperture is enlarged. The epiglottis is also par- 
tially closed by the retraction and depression of 
the tongue. 

The reverse takes place for treble sounds. 
The larynx is elevated, and the aperture of 
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the glottis lessened ; in consequence of which, 
the air passes through it with greater force, and 
its vibrations become more rapid. 

511. The FALSETTO or head- voice 
Faiietto seems to be produced in a man- 
▼oice. ^^^ resembling the sound of a 
flute. The chink of the glottis is 
nearly closed, as the mouth-hole of a 
flute by the lower lip of the player. 
The air from the windpipe strikes 
against the rigid edge of the vocal 
ligaments, is thrown into vibration, and 
communicates its motion to the air 
in the throat and mouth. In order to 
contract the passage of the voice, the 
uvula is shortened and raised, the 
tongue made convex and strongly con- 
tracted at the roots, the tonsils dilated, 
and the cavity of the throat rendered 
as small as possible. 

512. The voice of children and 
, . WOMEN is considerably higher 

Children's , - . 1*^*^1 

•nd^woraen'ithan that of men, because the 
chink of the glottis* is consider- 

* The chink of the glottis, in women and children, 



t 
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ably smaller. At puberty the larynx 
of boys begins to enlarge, and often 
Avithin twelve months acquires a di- 
mension double its former size. 
During this period the voice is harsh 
and uncertain, now squeaking with 
childish treble, now lapsing into manly 
bass, because the vocal ligaments and 
all the parts of the larynx are deranged 
in consequence of their rapid develop- 
ment and the incipent ossification of 
the cartilages. During this period a 
boy should absolutely abstain from 
singing for at least six months. He 
may then- in some instances resume it 
in moderation ; but the voice rarely as- 
sumes its full development within two 
years, and is sometimes as many as 
seven before it is fully settled. 

513. The larynx of women enlarges 
very slowly, except in some womani 
extraordinary cases, where they b?SJ"*^^ 

is about six lines, whereas in men it is eleven lines. 
The ventricles of the larynx are also smaller in the 
former case than in the latter. 
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acquire a masctdtne tone of voice ; this, 
however, is of rare occurrence, and 
their voice much more frequently pre- 
serves its youthful delicacy and clea^ 
ness after they have attained their full 
stature, and in some instances even to 
good old age. 

Some girls experience a slight change of 
voice ; the alto gaining a note or two above its 
former compass, and the soprano sometimes 
dropping into a contralto. 

614. We have already remarked that 
voicei- t^G voices of women and chil- 
cbMiaed. ^j.^jj ^^ much higher than those 

of men ; so that when a man and wo- 
man sing the same part, the woman 
pitches her voice an octave higher than 
the man. The great division, therefore, 
of voices is into male and female. Both 
these are subdivided into three classes i 
the highest pitch of the male voice being 
called tenor J the medium barytone^ and 
the lowest ba^s. The highest pitch of 
female voices is termed treble or alto. 
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men's voices. 
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the medium soprano^ and the lowest 
contralto. 

Persons possessed of each of these 
qualities of voice have pretty nearly the 
same compass, which averages twelve 
or fourteen notes in men, and somewhat 
more in women; so that the entire 
range of the human voice, from the 
deepest bass to the highest treble, may 
be estimated at twenty-six notes, the 
lowest being F below 6 gamut in the 
bass, and the highest extending to C 
in alt. 
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TdbleofMeri8 Voices, 
' 1st octaTe. find octaTe. drd octave. 
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Table of Women^s Voices. 

Snd octare. 3rd octave. 4th octave. alto. 

FGAB, CDEFGAB, CDEFGAB, C 

OINTRALTO. ^ I ( 



SOP R A N O. 
I TREBLE or A L T~b. 



515. No animal has so large a com- 
singiny pass of successive notes as man ; 
***'*^' SINGING BIRDS approach the near- 
est, but few of these have more than 
three-quarters of an octave at their 
command. 

The chirp of some birds begins on their 
fundamental note, and starts abruptly into a 
double fifth, but the intermediate notes are very 
imperfectly supplied. 

516. Singing birds are enabled to 
vary their notes in consequence of the 
extraordinary flexibility of their wind- 
pipe, which they can shorten or lengthen 
at will. No other animal has the same 
power. Thus men and quadrupeds 
modify their voices by extending or 
shortening their mouth and chin, by 
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altering the position of their lips, and 
by a certain play of the throat. As 
all these parts in the human animal 
are very flexible, he is able to execute 
a vast number of modifications; whereas 
horses, oxen, dogs, cats, and numerous 
other quadrupeds whose mouth, lower 
jaw, lips, and neck have but little play 
are exceedingly limited in their vocal 
powers. 

§ 3. Timbre of the Voice. 

517, The timbre or individual tone 
of no two voices is exactly alike, hence 
arises the facility of recognising ac- 
quaintances by the sound of their 
voice. In musical instruments the 
timbre depends on the material em- 
ployed in their construction (109.), and 
the peculiar quality of the human voice 
also depends in a great measure on the 
thickness and consistency of the laryn- 
gean cartilages, and on certain physical 
conditions of the larynx, palate, teeth 

6 o 2 
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nostrils, and other parts more or less 
connected with the organs of speech. 

The timbre of the voice is also considerably 
affected by the mouth : thus when a person sings 
with his mouth shut the tone of his voice is 
completely changed. 

518. The voice of women and chil- 
Deiicac^ of drcn is more sweet and delicate 
JToiS!"* than that of men, because their 
larynx and its cartilages are more 
supple. As persons advance in life 
these parts ossify, and acquire a rigidity 
which gives depth and roughness to 
their tone. The same is affected some- 
times by certain habits, as when a person 
sings or speaks " through the nose," 
causing the voice to ring in the nasal 
fossaB instead of passing freely through 
the open mouth. 

519. In all cases of inflammation 

Voice af. "^^^^^ ^^^ ^*s s^^* i^ *^^ larynx 
fe^ed^by thc volcc Is Considerably altered, 
"*"** becoming hoarse, feeble, and 
sometimes discordant. The hoarseness 
increases as the disease grows more 
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inveterate, till ultimately the voice is 
entirely extinguished. 

When the windpipe only is inflamed 
the voice undergoes but little modifica- 
tion ; if the disease be situated in the 
gullet, the hoarseness is very marked, 
articulation becomes difficult, and not 
unfrequently impossible. 

Even defective teeth and chapped 
lips exercise an influence on the tone 
of the voice. The same may be said 
of fatigue and ill health generally, dis- 
tress of mind, or any violent emotion ; 
insomuch that the ear can discrimi- 
nate in a moment, whether a person be 
well or ill, happy or vexed, weary or 
lively, sad or gay, tranquil or excited. 

§ 4. Speaking. 

520. Vocal sounds and articulate 
language are two things entirely dif- 
ferent. The former may be produced 
in great perfection where there is no 
capability for the latter. 

6 6 3 
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That physical olrganisation should 
have the power to produce sounds is 
no more remarkable than that a rose 
or violet should exhale a perfume. 
Even inanimate nature has this power; 
witness the purling stream, the impe- 
tuous waterMl, and the roaring ocean ; 
witness the tittering of autumnal leaves, 
the whistling wind, and the pattering 
rain. Sound seems as essential to mat- 
ter in motion as colour to light ; but 
that any organic apparatus should be 
able to convey from one body to an- 
other abstract ideas — ^that any function 
of mere matter should have the power 
to interpret the emotions of mind — that 
wishes, thoughts, imagination, hope, 
fear, metaphysical subtlety, and the 
dreamy ideal, — that these should be 
able, by the mere play of a couple of 
ligaments and the aid of a few muscles, 
to be reduced to tangible sounds, this 
is so astounding, so utterly " past 
understanding " that no penetration of 
thought could have conceived it pes- 
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fiible had it not been constantly familiar 
to us. 

521. Vocal sounds are produced by 
the larynx, but the modifications of 
them, by which language is formed, are 
effected for the most part in the oral 
cavjty. They may be divided into two 
classes, vowels ana consonants. The for- 
mer dependent on the voice alone, with- 
out the interference of the tongue, lips, 
teeth, or palate. The latter produced 
by the interruption of the voice in its 
passage between the larynx and the lips. 

Those consonants which are pro- 
duced by an interruption of the breath 
in the throat are called gutterals ; those 
which are articulated by the tip of the 
tongue Unguals; if the vocal sound 
receives its impression from the lips 
the result is a labial; if from the teeth 
a dental 

522. Singing and speaking aloud is 
conducive to health after diges- ^^^^ 
tion^ but should be avoided be- jj^*^]"* »• 
fore. A large and strong muscle, 
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which acts like a pair of bellows, in 
admitting air to the lungs or in re- 
pelling it, is connected with the lower 
part of the breast-bone and the ends of 
the last rib. The action of this muscle 
is so powerful on the upper region of 
the abdomen, that it forces the ston\ach 
and viscera to make their distribution ; 
a muscular action, very conducive to 
health after digestion has somewhat 
advanced, but extremely prejudicial 
when the food is in a crude and un- 
digested state. 

§ 5. Ventriloquism. 

523. This misnomer arose from the 
notion, formerly entertained, that ven- 
triloquists are accustomed to fetch their 
voice from the stomach and not from 
the larynx; this, however, is not correct. 
Ventriloquism is a vocal "sleight of 
hand," in which the artist practises on 
our habits to deceive our senses. Being 
a good mimic, the ventriloquist can 
imitate retiring or advancing sounds, 
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those at a distance, those in another 
room, or those of diflTerent speakers. 
He practises on our ears by light and 
shade as a painter practises on our 
eyes. There is, however, a limit to 
both arts, which can never be over- 
passed. The hypothetical sounds of 
a ventriloquist must always be repre- 
sented to proceed from some person 
or thing before the auditors and not 
behind them, supposing that they face 
the operator. If the ventriloquist be 
placed to the south of his company, 
it would be useless for him to attempt 
to cause any sound to proceed from an 
object north of his audience, or even from 
the direct east or west ; the dullest ear 
can distinguish the direction of sound 
with sufficient accuracy to prevent 
such. deception; but there is an angle 
within which the ear cannot distin- 
guish a diflference in the direction of 
sound. Thus when a bird is singing 
in a tree or at a window, it is very 
rarely the case that the eye can in- 
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Btantly hit upon the exact spot where 
the bird is perched. If the sound pro- 
ceed from the left side no one would 
seek the object on the right ; but many 
would look a little too high, or a little 
too low, or a little too obliquely, before 
the object of search would be disco- 
vered. This " angle of uncertmnty " is 
the range of deception, and the ventri- 
loquist must confine his mimicry to it, 
or he cannot deceive. 

524. A tone of voice somewhat re- 
sembling that of the ventriloquist may 
be elicited by dratoing-in the breath in 
the act of speaking instead of forcing 
it out. This peculiarity of tone arises 
from the feebleness of the inspiration 
and the extreme tension given by the 
eflfort to the vocal organs. Both these 
causes operate in ventriloquism also, 
and account for the want of volume in 
this sort of speech. Its muffled cha- 
racter may be easily explained, inas- 
much as the ventriloquist speaks with 
his mouth nearly closed, and directs 
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the current of his voice against the 
curtain of his throat. The articula- 
tion is imperfect, because the organs 
of pronunciation are distressed by un- 
natural action. 

The witch of Endor, according to the aatho* 
rity of the Septuagint, practised upon Saul by 
ventriloquism ; by the same vocal jugglery the 
ancient priests made their oracles utter their 
responses at one time from the innermost pene- 
tralia of their temples, at another from caverns 
underground, and sometimes their voice seemed 
to issue from a tree or from the clouds. 

St. Giles, according to the traditions of the 
Komish church, employed the art of ventrilo- 
quism as a " terror to evil-doers, and a praise to 
those that did well;" yet the Abbe Fiard, follow- 
ing the example of the Archbishop Eustache, has 
lately published an elaborate treatise to prove 
that all ventriloquists are possessed/! It is 
certain they were subject to capital punish- 
ment so low down as the sixteenth century, 
about which time Roland du Vernois was con- 
demned and burnt to death. 

SEC. n. THE VOICE OF BIRDS. 

525. The vocal apparatus of birds dif- 
fers considerably from that of man and 
other mammalia. Their windpipe con- 
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of having only one glottis it has tlu^ 

526. The DPMa LARYNX of a bird 
«P^ IS situated ^^ 

at the base " 

of the tongue; its 
glottis is a longitu- 
dinal slit resembling 
a small button-hole, i m-^, » „ 

the edges of which \ly|l "'^ 

are perfectly rigid. \l^\ 

There are neither ^MiM* 

ventricles, vocal 

cords, nor epiglot- 

tis ; but in some in- 
stances a cartilage 

covers the laryn- 

gean aperture in the 

act of swallowing,to 

prevent the food 

from falling into the 
windpipe.* 
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The form of the windpipe, in singing-birds, 
and in some birds of prej, &c., is that of a 
cylinder. 

In turkeys, herons, bitterns, cormorants, and 
some few others it is conical^ the largest part 
being nearest the lungs. 

In harles, drakes, &c., it swells in the middle, 
and is contracted at the two extremes. 

527. At the bottom of the trachea is 
another larynx, communicating Lo^er 
^th a glottis situated at the *"^"** 
top of each^ branch {jig. 526.). In 
singing birds this lower larynx is much 
more complex than in others, being 
separated at the lower extremity by 
several muscular rings, the last two of 
which seem to amalgamate so as to 
form a bony drum. This drum com- 
municates from below with a glottis 
situated at the top of each branch, and 
provided with vocal ligaments. 

The king of the vultures, the golden vulture, 
and one or two other birds, have no lower larynx. 

kinds of fleshy scales all round the chink of the 
upper glottis. These papille open upwards when a 
bird swallows, and effectually arrest the passage of 
food into the windpipe. 

HH 
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In some birda the larynx has no muscles 
connected with the vocal apparatus, as in swans, 
geese, and ducks. In others it is furnished with 
a single pair, as in the eagle, falcon, buzzard, 
sparrow-hawk, goshawk, brown vulture, &c.; to 
these maybe added the kingfisher, heron, bit- 
tern, cuckoo, and owl. All these birds have a 
voice monotonous, and without modulations. 

In some other birds the larynx is provided 
with three pairs of muscles ; as in the perroqnet 
and parrot. 

In singing-birds it has generally five pairs. 
Such is the ease with the nightingale, tomtit, 
blackbird, thrush, goldfinch, lark, linnet, canary, 
swallow, sparrow, starling, jay, pie, and crow. 

628. As the vocal cords of birds are 
Voice situated at the bottom of their 
of bird., windpipe, the air from their 
lungs must traverse the whole length 
of their trachea in a state of vibration ; 
whereas in the human species and in 
all other mammalia, the vocal liga- 
ments being at the top of the windpipe, 
the air does not enter into vibration 
till it has left the trachea for the 
larynx. 

529. The sounds made by birds are 
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produced in a manner precisely ana- 
logous to that of the labial whistle 
(360.). A current of air periodically 
variable is forced from their lungs 
through the narrow chinks in each 
branch of the lower larynx. The im- 
pulsion of this rapid current against 
the air which it encounters at these 
two points produces soporous vibra- 
tions, which are increased and rein- 
forced in their passage through the 
windpipe. 

530. The fundamental note of dif- 
ferent birds varies in pitch, pj^h, 
owing to the diflferent lengths »"***^«y- 
of their respective windpipes; the ri- 
gidity of their tracheal membranes; 
and the size of their upper glottis. 
It is probable, however, that all birds 
sing in the same key (G, with a flat 
third), and that this is the reason why 
in a grove, the ear is never pained with 
discordant sounds, though a thousand 
birds may be singing at one and the 
same time a thousand dififerent songs. 

HH 2 
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The fundamental note of the thrash and barn- 
cock is A, of owls B, of Bantam cocks C, of 
woodlarks F, of nightingales G, &c. But the 
pitch is very considerably higher than that of 
a fife, or of any other musical instrument in- 
vented by man. 

531. The trachea of birds is so 
flexible, that they can lengthen or 
shorten it at pleasure, in order to pro- 
duce difl^erent notes. B) devating or 
lengthening the trachea, the chink of 
the superior glottis is co itracted, and 
the tension of the windpipe considerably 
increased. By depressing the trachea, 
the upper glottis makes a larger aper- 
ture, the windpipe is relaxed, and the 
note produced is more grave. 

Singing birds whose lower larynx is furnished 
with five pairs of muscles can vary the length of 
their windpipe by the mere play of the di&rent 
muscles without moving their head. 

532. Of all birds the nightingale 

N htin ale. ^^ ^^^ ^^^^ siugcr ; it is the 
ig tmga e. g^^^^ j^^j q£ g^jj ^.j^^ warblcrs of 

the grove, and other birds are classified 
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in merit as they are able to execute 
one or more of its musical refrains. In 
April the nightingale sings with great 
diffidence, indecision, and feebleness, 
as if feeling its way, assaying its 
powers, and preparing its future ditties; 
soon, however, it acquires more con- 
fidence, and grows more ardent, till in 
May it bursts into full song, and no- 
thing can exceed the grace, the good 
taste, the inimitable variety, and fault- 
less execution of its strains, — now 
gurgling like a purling stream, now 
dropping as honey from a rock, now 
lancing forth like a rocket with resist- 
less volubility and astounding bril- 
liancy, now subsiding into a still small 
voice like a half-articulate wail. Some- 
times plaintive as a turtle, at others 
precipitate and rapid as fire among 
thorns; then smooth and steady as a 
fertilising stream, tmd anon trilling 
with the most artistic skill, yet without 
art ; surprisingly elaborate, yet so full 
of soul as not only to enchant the ear 

HH s 
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with its execution, but also to win the 
heart with its pathos. 

These different refrains are not 
strung together pell mell one after 
another, till the creature is fatigued, 
but are most gracefully interrupted by 
intervals of silence, which greatly add 
to their effect. The ear has listened 
to some exquisite cadence, is charmed, 
is satisfied, — wishes to drink in and 
revel on the draught, — it is allowed 
time to do so, to meditate, to reflect ; 
but no sooner does desire revive again, 
than a new warble commences, if pos* 
sible, more pure, more articulate, more 
brilliant, more perfect than the last, — 
more varied in its turns, more marked 
in its transitions, more excursive in its 
freedom, more extraordinary in its 
execution. With all this wonderful 
power and beauty of song, the nightin- 
gale does not possess a compass of voice 
exceeding a single octave. Not that it 
cannot touch upon the eighth above of 
any particular note, this it will often 
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do for effect; but that its song, pro- 
perly so called, its warble, and its trills, 
are contained within a single tetra- 
chord.* 

The "mode" of a nightingale consists of 
much smaller intervals than those of our chro- 
matic scale; some judges affirm it to he in 
quarter tones. Be this as it may, it is certain 
that many of its intervals are less than semi- 
tones. 

533. The sky-lark and linnet come 
next in variety of tones and ex- l.^. 
cellency of execution ; but. their ^*""®*- 
songs are less melodious, their changes 
less numerous, their notes fewer and 
less sustained. After these two, no 
other bird can approximate in melody 
and execution to the great model, and 
some, like the cuckoo, have no more 
than a fundamental note and its flat 
third. 

# Tetrachor<l, i. e, the successive notes of any one 
octave. 
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534. Tablb showing thb kelatiyb Msbits ov ths 

N MOST COMMON OF SlNGING BiRDS. 

(In this Table SO is anumed as the point of perfecticHi.) 





Relatiye 


Relative 


Relative 


Relative 




excellencj 


Duration 


execvL- 


Nightingale - 


compass. 


of tone. 


of song. 


tion. 


19 


19 


19 


19 


Skylark - - 


18 


9 


18 


18 


Linnet - - 


16 


15 


16 


18 


Blackcap 


14 


13 


14 


14 


Titlark . . 


12 


12 


12 


12 


Robin - - 


12 


11 


12 


12 


Goldfinch 


12 


9 


12 


12 


Woodlark - 


12 


13 


10 


8 


Chaffinch 


8 


7 


8 


8 


Greenfinch - 


4 


4 


4 


6 


Thrush - - 


4 


4 


4 


4 


Wren - - 


4 


4 


4 


4 


Hedge- \ 
sparrow - J 


4 


3 


6 


4 










Blackbird - 


2 


13 


12 


2 



The nightingale has ^xteen different methods 
of beginning and closing its refrains, the inter- 
mediute notes being arranged with endless va- 
riety : and it will sustain its song without once 
pausing for the space of twenty seconds. 

The skylark comes next, not only in variety 
of changes and in execution, but also in the 
length of time which it sustains its song. 

No other bird can execute more than four or 
five changes, or can sustain its song above a 
few seconds. 
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535. Certain birds, as the drake and 
harle, have two small cavities ^^^^ 
situated near the upper orifice 

of their windpipe, and the peculiar 
hoarseness of their cry is due to the 
resonance of their voice in these little 
cells. 

536. All singing birds have the 
power of imitation so strongly Mocwng. 
developed, that their song is ""^ 
strongly characterised by their asso- 
ciates; but those birds which mimic 
the articulate sounds of the human 
voice, as the parrot, raven, mocking- 
bird, and so on, employ the tongue to 
execute their imitations. 

SEC* III. VOICE OF REPTILES. 

537. Very many reptiles* have no 
vocal apparatus proper to engender 

* Reptiles, according to Cuvier, are divided into 
four orders : (1.) Chelonia, or tortoiset ; (2.) Sauria, 
or lizards ; (3.) Ophidia, or serpents ; and (4.) Ba- 
trachia, or frogs. The f^t and last of these orders 
are for the most part amphibious ; lizards and ser- 
pents live chiefly on the land. 
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sounds; and even those which have 
a voice have only one larynx^ which 
rather resembles the upper glottis of 
birds than the complex vocal apparatus 
of man, being for the most part little 
else than three pieces of cartilage^ with 
a chink or glottis, without either ven- 
tricles or vocal cords** 

538. The larynx of male frogs and 
Toad. TOADS is the most perfect of all 
and frog*, ^j^^ rcptile tribc. In consists of 
a delicate ring and two fine transversal 
cartilages on each side, terminated at 
each extremity in a small cell or cavity. 
At the lower lip of these cells is a little 
membranous tongue, which serves the 
purpose of vocal cords. Just above 
these tongues are two other cavities, 
which may be called the ventricles of 
their larynx. Frogs and toads have 
lungs, but no windpipe. 

* Some amphibious reptiles fiirubhed with gills, 
as the siren ("a Kind of frog found in North America) 
and the axolote, a Mexican lizard, have the rudi- 
ments of a cartilaginous larynx. 
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539. These animals are enabled to 
inflate themselves, owing to two inflation 
small membranous sacs situated *'***«*•• 
on each side of their lower jaw, and 
communicating with their mouth. 
These sacs, which are filled with air 
when the creatures croak, serve by 
resonance to increase their voice, and 
enable them to utter cries under water. 

540. Next to toads crocodiles have 
a larynx better developed than 
other reptiles. They have the ''~'"'"•• 
rudiments of vocal ligaments, and the 

?)wer of contracting their glottis at will, 
oung crocodiles mew like kittens, but 
in maturity low like sea-calves. 

641. Lizards have no vocal liga- 
ments, yet several different 
sorts of this order of reptiles ""*' 
can utter cries by a voluntary move- 
ment of the glottis ; and one particular 
species, called the geeho *, has a voice 
of very extraordinary capacity. 

* The ffecko is a nocturnal lizard. Its head is 
flat, feet short, toes of nearly equal length and r9- 
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542. The tortoise can utter a feeble 
cry when it is tormented. The 

Tortoi«. gj^^^ig Qf this animal is covered 
with a membrane which servea the place 
of an epiglottis, and the faint sound it 
utters is due to this arrangement. 

543. Serpents have no real voice. 
Their hissing^ which is produced 

^'^'* by the rapid passage of air 
through the narrow fissure of their 
glottis, not meriting the name. 

514. The rattle of the RATTLE-SNAKE 
ft,ttie. is due to an apparatus situated 
»»*ke." g^ij tjj^ gjj(j Qf its tail. This ap- 
paratus consists of a cer- 
tain number of hollow, hard, 
dry bones, as brittle as glass, 
very sonorous, and fitting 
loosely together. When the 
creature moves its tail, 
these loose bones hit against 
each other and resound. 
The rattles are formed when 

sembling rose-leaves in form. Its tail is not long ; 
nor has it a dorsal crest. 
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A single rattle. 




the serpent casts its skin, 
the epidermis being then 
rolled into a knot at the end 
of the tail ; and every time 
the slough is ejected an- 
other rattle is added to the 
number. 

The epidermis is a thin membrane which 
covers the skin. 

545. It has been often questioned 
whether fishes have the power 
of producing vocal sounds or ^^ 
not ? It is certain that the roach and 
trout can utter a sort of feeble cry, 
although the exact position of their 
vocal apparatus is by no means certain. 
It is probable that the sound referred 
to is the result of intestinal respiration 
resembling a sigh; but nothing positive 
can be stated on this curious pheno- 
menon till physiologists have been en- 
abled more fully to investigate the 
matter. 
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OTC. IV. SOUND PEO0UCED BY INSECTS. 

546. Insects have no voices because 
they have no larynx. Their humming, 
buzzing, droning, or chirping, is pro- 
duced either by the flutter of their 
■wings or by the friction of some part 
of their teguments against another. 

647. The noise of several of the in* 
sect tribe answers no other purpose 
than to indicate their whereabouts to 
animals in search of them as lawful 
prey. The stridulation of others, as 
for example, of the death-watch, ci- 
cada, and grasshopper, serves to attract 
the two sexes to each other. Some, as 
the bee and white ant, seem to com- 
municate their wishes by their diflferent 
noises, and even to express by these 
means different sensitive emotions* 

548. The HUMMING of the bee appears 

^^ to be due to vibrations gene- 
^* rated in the thorax by the rapid 
contraction of the muscles of its wings 
in movement. 
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549. Every one acquainted with 
these interesting insects is well aware 
that their humming varies considerably 
according to circumstances. 

During* the ordinary labour of the 
hive a certain murmur prevails, which 
conveys to the swarm the commands 
or intelligences necessary for the work 
in hand. This busy hum is entirely 
changed if the bees are disturbed, as- 
suming a sharp, angry, impatient cha- 
racter, especially if some of the commu- 
nity have suffered death. The buzz is 
exceedingly plaintive when the queen- 
bee is taken away ; but bright, quick, 
and joyous as soon as she is restored. 

650. The soldier termite, or white 
ANT, makes a sound somewhat Termite or 
sharper and quicker than the ^*'*^'*"^- 
ticking of a watch, by striking some 
hard substance with its mandible or 
upper jaw. The object of this notice 
is to urge the common antSy or la- 
bourers, to increased exertion when the 
work goes on too tardily. 

XI 2 
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551. A similar noise is made in a 
Demth- similar way by an insect called 
''■**'**• anobium, or the death-watch 
— a small beetle which burrows in old 
wood. This tapping is a call to the 
female. After it has been made the 
insect waits to hear if it be answered ; 
if not, he changes his position and taps 
again. Any one, by imitating the noise 
with his finger, may easily deceive the 
creature, and induce it into a dialogue 
of considerable length. 

552i The cucuixus, or notoamSj an 
cucuuuf. ^^s^c* very destructive to gra- 
naries, produces its stridor or 
tapping noise by striking the extremity 
of its body against any hard substance 
on which it may happen to light. 

55 The sounds of the cicada and 
grasshopper also refer to sexual de- 
sires. 

The male cicada, or tree-hopper, has 
Cicada ^^ apparatus of sound very re- 
markable. It occupies the first 
segment of the abdomen, and consists 



SBC. IV.] CICADA. 365 

<)f a thin membrane tightly stretched 
across this cavity and confined in two 
little homy grooves shaped like bows. 
Two muscles are attached to this 
frame, one of which is exceedingly 
small and serves to augment the ten- 
sion of the membrane ; the other, 
much stronger, serves to refex it. The 
note of the insect is produced by an 
alternate tightening and loosening of 
this drum-head by the action of the 
two opposing bundles of muscular 
fibres attached to this frame. The 
sound thus engendered is made more 
intense by an apparatus of reinforce- 
ment running the whole length of the 
body. A great cavity occupies the 
thorax, and another the abdomen. The 
two communicate with each other by 
means of a triangular space left be- 
tween two muscles. The sonorous 
vibrations produced at the abdomen 
circulate through this instrument, and 
make their way out through the last 
segment of the thorax. This cur id' 
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366 INSECT liTOISES. [chap. IX. 

apparatus is fully sufficieot to account 
for the clear loud cry of this insect. 
In some species the "song" may be 
heard to a considerable distance ; that 
of the cicada of Brazil to the enormous 
distance of a mile. 

554. Male grasshoppers alone are 
Ohm. vocal; and their chirp is pro- 
hopper. duced by rubbing the edge of 
their wing-cases against the inner sur- 
face of their hinder thighs, which is 
.covered with a scaly armour. The 

note of one mole is seldom heard with- 
out being returned by another; and 
the two insect warriors, after many 
mutual insults, attack each other with 
great fury, the female being always 
the reward of victory; for no sooner 
is the combat over than the conqueror 
seizes his prize with his teeth behind 
her neck, and keeps her prisoner at 
pleasure. 

555. The house cricket has a some- 
Cricket, what different arrangement — 

its merry " hearth-song " being 
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produced by the attrition of the an- 
terior pair of wings against each other. 
One of the wing-cases has its edge 
notched, or indented like a file or deli- 
cate saw, and this shard is made to pass 
over the shard, or sheath, of the oppo- 
site wing. The sou^d thus produced is 
augmented by resonance from a cer- 
tain part of the wings, surrounded by 
strong nervures*, which stretch the 
thin membranes so tightly, that they 
act like drum-heads. 

The cricket is a very chilly insect, seldom 
leaving the warm fireside, and^ if undisturbed, 
will fearlessly hop from its retreat to chirrup at 
the blaze in the chimney. It may, however, 
easily be surprised by lighting a candle sud- 
idenly, when it will be dazzled, and, being unable 
to find its way home, may easily be caught. It 
may also be frightened away by any loud noises. 

556. The ravenous locust produces 
its formidable noise in the act ^^^^^ 
of mastication. This insect is 
furnished with very powerful jaws, 

♦ Nervures are homy tubes for expanding the 
wings of insects and keeping them tense. 
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" whose teeth are ad the teeth of a lion, 
and their cheek-teeth the cheek-teeth of 
a great lion." When an army of these 
destructive insects, some three miles 
long and several yards deep, "lays 
waste a field, barking the fig-trees, 
making thembare^ and the branches 
thereof white " a noise is produced 
which the prophet Joel compares to 
" the noise of chariots on the tops 
of the mountains, or to the noise of 
a flame of fire that devoureth the 
stubble." This fearful tumult is the 
result of the simultaneous action of 
many millions of powerful jaws, and 
the ripping off of the bark, or tearing 
to atoms the fibres of the trees which 
the swarm is ravenously devouring. 

557. The droning of the "sharded 
Beecia. BEETLE " arises from the friction 
of the parts between its pro* 
thorax and mesoihorax ; that is, between 
the first segment of the thorax and the 
part from which spring its anterior 
wings and middle pair of legs. 
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The thorax of insects is the second segment, 
or part between their head and their abdomen. 
The part of the thorax nearest the head is 
termed the prothorax ; the middle part consti- 
tutes the mesothorax. 

558. The shrill noise of some other 
insects of this species results from the 
friction of their abdomen against the 
inner face of their wing-cases. 

559. The buzzing of a fly depends 
on the rapid escape of air, du- ^^ 
ring the muscular effort of fly- 
ing, through extremely minute aper- 
tures of their body communicating 
with their windpipe. These external 
organs of respiration are technically 
called stimnata. 

560. The shrill "trumpet" of the 
GNAT is simply the effect of vi- ^^^ 
brations communicated to the 

air by the agitation of its wings. So 
rapid is this movement, that it im- 
presses the air with 15,000 vibrations 
in a single second. 

561. So wonderful, so complex, 9 
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curious, 80 diversified, are all the works 
of God ! " In wisdom hath He made 
them all!" Ask of the burning sun 
rolling through fields of air, — ask of the 
placid moon sleeping on the bank, — 
ask of the host of heaven, the waters, 
and the earth, — and you shall presently 
hear not alone the ^' shout of the sons 
of God," and the " song of the morn- 
ing stars," but a universal voice, rising 
like incense from every comer of the 
universe, and quiring, in one vast accord, 
" In wisdom hath He made us all ! '* 
That wisdom speaks aloud not only in 
the vast and mighty, but also in the 
insignificant and minute. Not only in 
the thundering storm, and herculean 
waterfall and irresistible whirlwind, 
and riving earthquake ; but also in the 
tiny insect of a day, born with the 
morning light and dying with the set- 
ting sun. Not only in the innumer- 
able worlds driven with his guiding hand 
through fields of space ; but also in the 
infinitesimal machinery of the chirrup 
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of the cricket or cicada. Amazing in 
diversity no less than in skill ! Infinite 
in ingenuity no less than in propriety. 
Now shaking the " wilderness of Cad^s 
and breaking the cedars of Lebanon," 
and anon rousing the dull ear of night 
with the ticking of an insect whose 
life is spent in making the tour of a 
rotten plank. Now roaring in the 
hurly burly of a volcano, and anon hum- 
ming from the thorax of a bee, or buz- 
zing in th^ stigmata of a fly. Now 
heard in the overpowering ocean, now 
in the harmony of the grove, now in 
the voice of man, and anon in the 
small whisper of the tiny midge calling 
to the devouring bat, or in the grass- 
hopper chanting his shrill love song to 
his female companion. Such and far 
more wonderful is the wisdom of Omni- 
science ! 

" His works, 

E'en in the depth of solitary woods, 
By human foot untrod, proclaim his power. 
And to the quire celestial Him resound, 
Th* Eternal Cause, Support, and End of all." 

Thomson 
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CHAPTER X, 

THE ORGANS OF HEARING. 

Intboduction. 
Sec. I. — § 1. — ^The outer ear. 

Smoking through the ear, 
Long^eared ammaU. 
§ 2.— The middle ear. 

The chain of Hide bones. 
The Eustachian tube. 
Ringing and crating in the ears. 
§ 3. — The inner ear or labyrinth. 
The three semicircular canals. 
The vestibule. 
Sec. n. — Comparatiye anatomy of the ear. 

562. Probably all animals possessed 
of sensibility have the power of hear- 
ing, although in some of the inferior 
classes the organs for this purpose are 
extremely rudimentary, and in others 
the anatomist can trace no apparatus 
resembling the ear of the human 
species : thus worms have no ears, yet 
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they seem to manifest at times an 
alarm at loud noises, either because 
their sense of hearing is somehow 
connected with their sense of feeling, 
or else because loud noises shake the 
air and earth, and their sensitive body 
warns them to flee from apprehended 
;danger. 

Grasshoppers, crickets, and cicada 
have no apparatus for hearing resem- 
bling that of vertebrated* animals, yet 
is it generally supposed that their 
chirp, like the song of birds, serves to 
attract the two sexes to each other. 

Bees, again, have no ears, yet com- 
mon consent gives them the credit 
of hearing; and the tinkling made 
during their time of flight is designed 
for no other purpose than to prevent 
their hearing the hum of their exiled 
queen. 

* Vertebrated animals are those which have a 
backbone, as man, and all quadrupeds, birds, rep- 
tiles, and fishes. Insects and molluscs have no back- 
bone, and are therefore termed inyertebrated. 
KK 
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568. There seems to be a relation 
Relation betweeii the development of the 
th^v^Je vocal and of the hearing appa- 
wdear. pa^Qg of gach specics of animal. 
Thus man, whose voice is the most per» 
feet of all living creatures, has at the 
same time the most perfect organisation 
for hearing. Birds, whose song is de- 
signed to delight their kind, come next 
to the mammalia in this respect. Kep- 
tiles possessed of a voice, as toads, cro- 
codiles, and lizards, have the organs of 
the ear more fully developed than 
fishes*; whereas zoophites, which have 
no voice whatsoever are also utterly 
insensible of sounds. 

564. In the mammalia, and espe- 
Earof cially in the human species, the 
mammalia, auditory apparatus is most won- 
derfully contrived. It consists of three 
parts, called the outer, middle, and 
inner ear. The office of the first is to 
collect the rays of sound and reflect 

* For the hearing apparatus of fishes, see No. 136. 
with the note. 
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them inwards ; the office of the last is 
to impress the acoustic nerve ; and the 
office of the middle ear is to connect 
together the other two, and to modify 
the general apparatus for diflferent de- 
grees of sound. 

In order to make the subject intel- 
ligible to the general reader, it will be 
advisable to direct attention to each 
respective part of the human ear in a 
separate paragraph. 

SEC. I. § 1. Th^ Outer Ear of the Human 
Species. 

565. The outer ear may be com- 
pared to an ear-trumpet. It con- Meatus of 
sists essentially of two parts; ****•"• 
the external cartilage, called the wing 
of the ear, and its funnel or meatus. 

566. The dimension of the funnel 
gradually decreases as it recedes from 
the pavilion ; and its Inner orifice is 
covered with a delicate membrane, 
stretched over it like the parch- Drum of 
ment head of a tambourine. ******'• 

KK 2 
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This membrane, called the tympanum 
or drum of the ear, is very elastic ; 
and whenever the sound-waves of the 




Or Drum 



air strike against it, their shock is 
sufficient to impart to it reciprocal 
vibrations. 

The membrana tympani consists of three 
layers : an external tissue, an internal tissue, and 
a middle layer constituted of fibrous laminse. 
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667. The tympanum in its usual 
state is not tightly stretched, and 
whenever an increase of tension is 
given to it hearing is for a time im- 
paired. This may be shown in two 
ways; either by holding the breath, 
and then forcing air up the Eusta^ 
chian tube so as to distend the drum 
outwards ; or by exhausting the cavity, 
so that the superior pressure of the ex- 
ternal air may force it inwards. The 
former of these distensions takes place 
when persons rapidly ascend into rare- 
fied strata of air (78.) ; the latter 
occurs when they descend in diving- 
bells, where the air becomes condensed 
by the upward pressure of the water 
(80-). 

When the drum of the ear is tightly stretched, 
deep sounds are scarcelj audible, but very shrill 
ones are painfully acute* 

568. Sometimes the drum of the ear 
is accidentally perforated, andsmowng 

, i/ JT .1 through the 

then a person can cause the ear. 
smoke of a pipe or cigar to issue 

KK 3 
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through it. The success of this achieve- 
ment, however, always depends on the 
accidental perforation referred to, and 
is uselessly attempted if the tympanum 
of the ear be perfectly sound. 

The smoke passes up the Eustachian tube 
which opens into the pharynx*, and can, there- 
fore, communicate circuitouslj with the mouth 
round bj the uvula. Thus, in the subjoined 
woodcut) 

Let N be the cavity of the nose, 
\ (^ n\ ^ ^^^ opening of the Eu- 

stachian tube, 
U the uvula, 

P the palate of the mouth, 
T the tongue. 
Suppose the smoke to enter 
the mouth as the arrow, it can pass round bj the 
uvula, enter E, and, if the drum of the ear be 
punctured, find its way out through the ear ; if 
not, it must continue its course to N and come 
out through the nostrils. 

569. The external ear is useful to 
Folds of reflect the sound-rays into the 
the ear. funnel. If too flat, hearing is 

♦ Pharynx, a muscular bag at the back of the 
mouth, which terminates in the gullet. Its use is to 
receive the masticated food before it is swallowed. 
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impaired, because the rays tumble out 
of the pavilion, instead of being re- 
flected down the auditory passage. 

The FOLDS are not without their 
function, inasmuch as they serve to 
entrap the passing sound-waves, and, 
being pretty good conductors of sound, 
to transmit to the tympanum the im- 
pressions they receive. 

570. In horses, stags, rabbits, hares, 
cats, &c., the external part of ^^^^^^^ 
the ear is considerably^r(?fon^^(;?, 
and the sense of hearing in these ani- 
mals is so acute, that they start at the 
stirring of a leaf.* The object of this 
acuteness is to put them on their 
guard at the approach of danger, and 
it is especially serviceable to beasts of 
chase. 

Sometimes animals with long ears 
^' prick them up," or bend them for- 

* In these animals the little spiral channel situated 
in the inner ear, and technically called the cochlea 
f snail's shell), is unusually large. This, without 
doubt, is a main cause why the hearing of these 
animfds is so acute. 
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ward, or turn them backwards, in order 
to listen more intently. By these means 
the cavity of their ears is turned in the 
direction of the sound which can more 
readily enter into the funnel. 

571. Bats have very long ears to 
enable them to hear the feeble 
sounds of insects. As these 

animals search their prey in the dusk 
of evening, great acuteness of hearing 
is essential to enable them to find 
what would otherwise escape their ob- 
servation. In order, however, that the 
noises which abound by day may not 
disturb their repose, they have the 
power of closing the external orifice of 
their ears by muscular action. 

572. The functions of the funnel or 
uiesofuie mcStus of thc ear appear to be 
""***"• three-fold: (1.) To concentrate 
the undulations^ like the tube of an ear- 
trumpet; (2.) to serve as conductors 
of sound ; and (3.) to increasis by reso^ 
nance the force of the sound received. 

573. Such is a general description 
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and such the uses of the " outer ear" 
-—an apparatus not essential to outer «« 
audition, inasmuch as animals"'*"*^***' 
without this part of the orffan, as 
whales, moles, birds, reptiles, and fishes, 
can nevertheless hear sounds with 
tolerable accuracy. Even the tympa- 
num may be perforated or torn with- 
out destroying this useful sense ; nay, 
those fishes which have no elastic mem- 
brane spread over the cavity of their 
ears hear through the interposition of 
the bones of their head; and sounds 
may be conveyed even to the human 
sensorium through the teeth, chest, 
skull-bone, or without any assistance 
of the external cartilage ajid its con- 
duit. It must not, however, be hence 
inferred that the outer ear is useless; 
for, although the bare act of hearing 
can be efifected without its aid, much 
that constitutes the delight and deli- 
cacy of the sense is inseparably con- 
nected with it. 

Sometimes the external orifice of the ear 
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covered over with fine hivir> to prevent the en- 
trance of dast and of other light bodies* into the 
passage. 



§2. The Middle JEar of the Human 

Species. 



The Midtll© Ear, placed on tlic Tjmpanuni. 




^ The SlapetUd^ or stirrup/ 



574. In contact with the tympanum 
is the MIDDLE BAR, which consists of a 
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bony cjise closed on all sides, except at 
one single point towards the bottom, 
which opens into what is called the 
Eustachian tube. 

blh. This part of the apparatus of 
hearing is chiefly remarkable for chain of 
a chain of four little bones, held ^^ ****"*• 
together by fibrils. The office of this 
chain is to relax or tighten the tympa- 
num, so as to adapt it to the force of 
the sound-waves which strike against 
it. It performs for the ear a similar 
service to that which the iris does for 
the eye, in adapting its aperture to the 
quantity of light which falls upon the 
cornea.* 

676. When sounds are very intense 
this chain of bones tightens the tym- 
panum, in order to curtail the excur- 
sion of its vibrations; when, on the 
other hand, they are very feeble, the 
tympanum is somewhat relaxed, that 

* The cornea is the whole visible part of the eye. 
The iris is the coloured circle which surrounds the 
pupil. The pupil is a little hole in the middle of the 
jris. 
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its vibrations may have more scope, and 
the nerve receive an appreciable shock. 

577. The Eustachian* tube commu- 
Eutucbian nicatcs with the mouth ; hence, 
^^' when persons listen very in- 
tently they open their mouthy that the 
sound-rays may enter their ears through 
the Eustachian tubes as well as by the 
ordinary conduits. 

578. The special office of the Eusta- 
chian tube is to supply the middle ear 
with air of the same density as that 
inhaled, and thus preserve in equili^ 
brium the air on both sides of the 
tympanum. If this balance were not 
well adjusted the membrane would be 
strained by an unequal pressure, and 
hearing would be materially impaired 
(566.). 

Another function of this tube is to convey 
away mucus secreted in the cavity of the tym- 

* The Eustachian tube is so named afler Bartho- 
lomew Eustachius, an Italian physician, who first 
discovered it. Eustachius diea 1570, aged sixty- 
four. 
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panum, wbich would cause deafness, if suffered 
to accumlate. 

579. Sometimes after bathing, or 
when a person has taken cold, Humming 
the passage of the Eustachian *"******■'• 
tube is obstructed, and the air can- 
not circulate freely through it. When 
this is the case equilibrium can no 
longer be maintained, and a person is 
apprised of the derangement by a 
" humming or ringing in his ears." 

580. Divers and aeronauts affirm 
that they hear from time to time cracwng 
a '^ cracking in their ears.'' This ^"'*^"""- 
noise is occasioned by a sudden con- 
traction of the muscle which, serves to 
relax the tympanum, and to accommo- 
date it to the increase of pressure either 
from within or from without. 

For pain in the ears felt by divers and 
aeronauts, see Nos. 78, 79, 80. 

581. A "ringing in the ears" may 
be produced by laying a hotj^^^.^ 
hand over the external orifice, J^^^ff " 
because the heat of the hand 

LL 
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rarefies the air in the funnel, and de- 
stroys the equilibrium. 

582. If wax be suffered to accumu- 
From ac. latc iTi the ear a similar annoy- 
^^^' ance becomes often very dis- 
tressing, because the thick viscous mat- 
ter prevents the external air from 
reaching the tympanum, and preserves 
a partial vacuum between that mem- 
brane and the plug of wax. 

The same accumulation also impedes 
audition, because the sound-waves, in- 
stead of impinging against the drum 
of the ear, are buried in the cerumen. 

An accumulation of wax sometimes distresses 
the ear by its mere weight, and should then be 
removed by the aid of a syringe. 

683. The middle ear is no more es- 
Middieear scutlal to thc act of hearing 
"*""^""**than the external ear ; for many 
animals possessed of this sense have 
neither tlxe one nor the other of these 
parts of the auditory appartus. A 
very rudimentary organ suffices to 
make sounds audible ; but there is as 
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much differefnce between mere audition 
and the perfect sense, as between the 
dull sight of the purblind and the acute 
vision of the quick -sighted. 

Man may suffer the loss of all the oiuter ear, 
and of all the middle ear^ except only one Small 
bone called the stapes, or stirrup, without suffer- 
ing the entire loss of hearing. This bone has an 
accidental use which renders its presence abso- 
lutely essential — it serves to cover a Jittle hole 
called the oval window, which opens into the 
third or inner ear ; if removed, the liquid con- 
tained in this cavity would run out, and com- 
plete incurable deafness instantly ensue. 

Fishes have neither external nor middle ear, 
and yet have a sufficiently acute sense of hear^ 
ing, as has been already shown (136.). 



§ 3. The Labyrinth or Inner Ear* 

584. The labyrinth or inner ear 
contains three compartments : the ves- 
tibule, the three semi-circular canals, 
and the cochlea or snail's-shell. 

685. The vestibule is a cavity of no 
regular shape, filled with a liquid r^- 

I.L 2 
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sembling water*, in which the roots of 
the acoustic nerve spread themselves 



The Labyrinth or Inner Ear 
(added to the other part). 




Cbdtka 



and float. This may be called the rtdi- 
ment of the ear, and it is the only part 
which exists invariably in all animals 

* The membrane which lines the cavities of the 
labyrinth contains a colourless fluid technically called 
the endolymph, and is separated from the bony wall 
by a collection of liquid to which has been given the 
name of perilymph ; so that it is suspended, as it 
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possessed of an apparatus for hearing* 
Thus, in' the Crustacea* and cephalo-" 
pedaf the vestibule and nerve consti- 
tute their entire organ. Osseous fishea 
have, besides, the three simi-circular 
canals, and many reptiles a sort of 
middle ear. The labyrinth of birds 
resembles that of reptiles, but their 
middle ear is more fully developed. 
The mammalia possess all the complex 
machinery manifested in the ear of 
the human species, the only difference 
being in the wing or external cartilage. 
686. What office the three semicir- 
cular canals perform is wholly semidrcu- 
unknown; some who love to*"*^*^'- 
speculate imagine they are useful to 

were, in a liquid which bathes both its surfaces. The 
neire is plunged in the water which fills the vesti- 
bule and is spread over the surface of the membrane. 

* Crustacea are such animals as sheU-fish, which 
have no neck. Thej respire bj the gills placed at 
the sides of their body. Lobsters, crabs, cray-fish, 
shrimps, &c., belong to this order. 

t Gephalopeda are a species of molluscs, such as 
cuttle-nsh, wnose organ of motion is situated round 
their head. 

Lii 3 
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enable us to ascertaiii the direction of 
'Bounds; but this is much more probably 
due to the angle at which the sound- 
rays strike upon the ear. Those which 
enter in a direct line pass straight on 
to the tympanum ; whereas those which 
enter the auditory passage obliquely 
are reflected from side to side, and fall 
at last obliquely on the membrane. 

The three planes of the semicircular canals 
are nearly at right angles to each other. 

4 

587. The power of distinguishing 
the direction both of sound and light is 
acquired only by long habit ; it is some 
time before infants appear to know any- 
thing of the direction of noises which 
attract their attention. The idea of 
the distance of a sonorous body is an- 
other acquired perception, depending 
chiefly on the loudness or faintness of 
the sound. In this respect there is 
also a great similarity between the 
judgment of the eye and that of the 
ear. The eye judges of distance by 
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the distinctness and apparent size of 
known objects, and the ear determines . 
the distance of sounding bodies by the 
distinctness and volume of the sound 
which reaches it. 

588. That part of the inner ear 
called the cochlea or snail's shell 

• J i "L • 1 Cochlea. 

IS supposed by some physiolo- 
gists to assist us in estimating the pitch 
of sounds; according to others, it en- 
ables us to entertain many sounds at 
once without confusion or distress, as 
when the multitude of sounds pro- 
ceeding from a full band crowd simul- 
taneously upon the ear. 

Amphibious animals have no cochlea. In 
other reptiles it is very rudimentary, and in 
birds less perfect than in the mammalia. 

589. The only part of the labyrinth 
or inner ear which is under- 
stood is the vestibule. The liquor 
which fills the cavity being agitated by 
the vibrations of the tympanum, air, 
and bones of the ear, shake the roots of 
the acoustic nerve; the motion is tlien^ 
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communicated to the nerve itself, and 
the effect transmitted to the senso- 
num.* 

590. Thus the outer ear collects the 
Office of rays of sound, and reflects them 
Mchpart. ^Q^^j^ the auditory passage till 
they reach the tympanum or drum ; 

The vibrations of the tympanum 
are communicated to the bones and 
air of the middle chamber of the ap- 
paratus ; 

These being put into reciprocal 
vibrations, shake the liquid contained 
in the vestibule of the "inner ear;" 
the agitation of the liquid is felt by the 
roots of the acoustic nerve, conveyed 
along the nerve itself, and ultimately 
produces the sensation of sound. 

591. Although sound enters at the 

Two ears ^^^ ^^^ ^® ^^^^ ^^^ ^^® ^™^" 

rende?Se prcssiou. Without doubt two 

found. f . T T_ A 

impressions are made ; but, as 
they are in perfect imison and very 

* The sensorium is the seat of the five senses, al- 
most universallj supposed to be in the brain. 
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nearly simultaneous, the effect pro- 
ducea is simply an increase of intensity. 

Much has been said by different writers upon 
single audition and single vision. Many have er- 
roneously explained the phenomena by ascribing 
it to the union of the two nerves in one common 
point. It would be very easy to show the fal- 
lacy of this notion ; but such a digression would 
be quite beside the object of this treatise. 

Two sounds produce but one impression when 
they succeed each other in less time than the 
twelfth of a second. As the vibrations of any 
given sound which strike upon one ear reach 
the other also in less time than the twelfth of a 
second afterwards, the two make upon the sen- 
sorium but one impression. For the same reason 
the sound of resonance from walls, &c., makes 
but one impression with the direct sound. For 
the same reason also the ear is unable to appre- 
ciate the multitude of independent shocks which 
go to make up any given sound. 

The same explanation, mutatis mutandis^ may 
be applied to single vision. 



SEC. n. SUMMARY. ^ 

592. The following summary may JB 
be interesting and useful to the compara- ^ 
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1. In the HUMAN species the ear is 
most perfect. 

It is so wonderfully constituted as to be able 
to appreciate a sound so grave that it proceeds 
from no more than two vibrations in a second, 
and another so acute, that it is the result of 
70,000. It can listen to the tremendous crash of a 
peal of thunder, and jet discriminate the almost 
imperceptible shades of difference which consti- 
tute articulate language, 

2. In other mammalia the external 
ear is in numerous instances prolonged. 

3. In BIRDS the external ear wholly 
disappears, but all other parts remain, 
even the Eustachian tube. 

Some birds have a tuft of feathers, like the 
homed owly which serve the office of external 
ears. The cochlea of birds is very rudiment- 
ary, and loses the shape of a snaiTs shell, 

4. In REPTILES the auditory passage 
or meatus disappears, and the drum is 
placed, like that of birds, at the external 
orifice. The middle ear also is gene- 
rally simplified. 
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In serpents and some other inferior animals a 
small mass of chalk, called otolith (or ear-stone), 
£oats in the liquid which fills the vestibule, and 
serves to intensify the undulations in much the 
same way as the pea occasionally shut up in a 
dog-call whistle. 

In fishes these chalky crystals are sufficiently 
large, but are not so massive as in the ear of 
serpents. 

In man and all the superior animals the ear- 
stones are pulverised and called otoconia (ear- 
powder). 

N. B. Snails, lizards, tortoises, frogs, and 
toads have an apparatus for hearing which re- 
sembles that of birds. Crocodiles, so far from 
being deafy as ancient tradition records, have 
ears as perfect as the highest order of reptiles, 
and even a sort of external ear. 

6. In the highest order of fishes the 
outer and middle ear wholly disappear, 
and only the reservoir of liquid with 
the three semicircular canals remain. 

The lowest order of fishes have 
nothing of the apparatus except the 
cavity and its liquid. 

The labyrinth of fishes is not of bone like 
that of the mammalia, but is simply a mem- 
branous reservoir filled with water, and con- 
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taining a certain number of minute particles of 
chalk. 

Shads and one or two other fishes have a 
chain of hones resembling that which pertains 
to the middle ear of the human species. 

6. In the molluscs* every part dis- 
appears except a vesicle situated on each 
side of the head, filled with water, in 
which float little solid corpuscles re- 
sembling the chalky crystals found in 
the ears of fishes. 

Some mollusca have an apparatus somewhat 
more perfectly situated in their antefmce or horns. 

7. Insects have no auditory appa- 
ratus, at least none like that of verte- 
brated animals ; yet they appear sensible 
of sounds, especially those insects which 
chirp, hum, and buzz. 

8. ZooPHiTEsf have no apparatus 

* Molluscs are animals, like the nautilus, whose 
body is soft, without any internal skeleton or articu- 
culated covering. 

f Zoophites are living creatures which in appear- 
ance resemble both ammals and vegetables, as the 
star-fish, sea-hedgehog (echinus), &c. 



sBc.n.] CONCLUSIOHf. 397 

for hearing, and exhibit no symptom 
whatsoever of sensibility to sound. 



593. We have now brought to a 
conclusion the interesting sub- Conclusion 
ject of " Sound and its Pheno- 
mena." We have treated of the cause, 
the qualities, and the conductors of 
sound, its rate of motion and the nu- 
merical value of its vibrations ; we 
have examined the physical condition 
of numerous musical instruments and 
of acoustic tubes ; we have searched into 
the mystery of echo and have explored 
the secrets of the voice and ear. Many 
wonderful things have passed in review 
before us, and many atrifle " light as air " 
has spoken trumpet-tongued of benevo- 
lence in design, of wisdom in contriv- 
ance, and of skill " past understanding" 
in execution. The penetration of phi* 
losophy has done something to unravel 
the '' deep things of God," but wha* - 

MM 
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gordian knot of difficulties remains! 
What a tangled skein is yet before us ! 
What a vast unknown is unexplored, 
which, haply, will never be made ma- 
nifest till "this corruptible shall put 
on incorruption, this mortal immor- 
tality!" Nor can it be a matter of 
rational wonder that the ways of the 
Inscrutable are " past finding out," 
that the finite cannot compass the In- 
finite, that the works of the Eternal by 
searching grow more vast, by know- 
ledge more astounding, by contempla- 
tion more inexplicable; that every 
mountain overpassed reveals new moun- 
tains in the distance, and every field 
explored leads onward to new fields of 
investigation, till we find ourselves in 
the predicament of the wise man of old 
who demanded at first one day to an- 
swer the question " What is God ?" 
but, having thought upon the subject 
that one day, required two more ; then 
a week, a month, a year ; and still the 
long^ he contemplated the further he 
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seemed from the object of his search. 
Let the philosopher, who has meted 
the handiwork of Omnipotence with 
his rule a span long feel humbled at 
the littleness of his survey; let the rest 
take courage at what science has hitherto 
achieved, and add a handful to the mass 
of human information. 



MM 2 



ALPHABETICAL INDEX 



Reference is made to the paragraph nomberB ; n means 
note. 



A, chord of, 196. 

(pitch), its number of vibrations, 176. 
Abbe NoUet, lll'n. 

experiment of, under water, 111. 
Abbeys famous for echo, 438. 
Accordion, 395. 

twang of, 396. 
Acoustics, a part of physics, p. 3. 

etymology of the word, p. 2. 
Actual size of sound waves, ch. v. sec. iv. p. 133. 

vibrations of all musical notes, 132. 
Adam's apple, 497. 

effect upon the voice, 605. 
Aeronaut must speak loud, 76. 

Air and iron compared as v^icles of sound, 150 — 152. 
essential to sound, 11. 75. 
velocity of sound in, 142. 
Air-bladder of fishes and their hearing, 136 n. 
Aisles jfamous for echo, 470. 
Alarum of an air-pump, 75. 
Alto, compass of^ 514. 
Amati, violin, 218. 
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American dnimmer, 97. 
Andersbach, echo of, 470. 
* Anderson's experiments under water, 115, 
Anglers preserve sUence, 136. 
Animal, substances conduct sounds, p. 87. 
Anobium or death-watch, 551. 
Ant, noise made by, 550. 
Anvil of the ear, 575. 
Arabs listening for ships, 129. 
Archimedes, 369 n. 
Areas of halls famous for echo, 438. 
Amot (Dr.) and the marriage peal, 446. 
Arrow, whizzing of an, 22. 
Arytenoids, 498. 
Ascent of Gaj Lussac, 78. 
Ass, braying of an, 506. 
Axes of an ellipse, 20 n. 
Axolote, 537 ft. 
Bagpipe, 398. 

different species of, 399. 

rationale of the, 400. 
Balloon, aeronauts in, must speak loud, 78. 

elevation of a, calculated by sound, 145. 

Gay Lussac's experiments in a, 78. 
Band of music preserves exact order, 143. 
Baptistry of Pisa, 485. 
Bimrel organ, 392. 
Barthius, 476 n. 

Baiytone voice, its compass, 514. 
Pass-strings coUed with wire, 172. 
thicker than treble, 172. 
voice, its compass, 514. 
Bassoon, 334. 
Bat, ears of a, 571. 

Batrachia, 537 n. ai ;. 

Beak, instruments with a, 312 — 315. 

of a flute, 300. 
Beam scratched, 121. 
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Bee, can hear, 562. 

humming of a, 548, 549. 
Beede, drone of a, 557. 
Bell, bells, alloy of, 264. 

antiqnitj of, 259. 
cracked, harsh, 265. 
first cast in England, 259. 
used in churches, 259. 
heard under water, 116, 117. 
isolated, 13 it. 

largest in the world,* 259 n. 
mouth of, affects tone, 261. 
pitch of a, 260. * 

rung in an air-pump, 13. 74. 
size of, 263. 

sound of, explained, 20. 
thickness of, affects its tone, 262. 
tone of a, 260. 
Benches shaken by music, 4. 
Biot, 150n. 

experiments by, 150. 
Birch (Dr.), 479 n. 

BiBD, birds, singing, compass of their voice, 515. 
ear of, 529. §2,3. 
larynx o^ 526, 527. 
vary their notes, 516. 
voice of, chap. ix. sec. ii. 
pitch and key, 530. 
production of^ 528, 529. 
Bird-call, 320. 349. 

how it engenders sound, 350. 
Bittern, larynx of, 526 n. 527 n. 
Blackbird, larynx of, 527 n. 

merit o^ its song, 534. 
Bladder exploded by air-pump, 57. 
Bodkin-sheath, reports of, 56. 
Boiling water never sings, 49. 
Bone, conductor of sound, 132. 
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Bow of a violin, action of, 208, 209. 

rosined, 209. 
Box-key whistle, 291. 
BojTs, their voice Breaks, 512. 
Breaking voice of boys, 512, 
Breath-instmments, pp. 192. 198. 207« 
Bridge of a violin, its use, 212. 
Brown paper to arrest sound, 92. 
Bucca, the goblin of Goniw«U» 356. 
Bnildings made so as not to traosmit sound* 100. 
Bullet, whizzing of a, 22. 
Buzzard, larynx of tihe, 527 n, 
C (high and loW^, actual size of its vihraliQns, 200. 

chord of, 196. 

number of its vibrations, 63. 182. 

scale of, 179. 
Canals of the ear, 586. 
Canary, larynx of the, 527 n. 
Cane used as an acoustic tube, 122. 
Cannon-ball, its whizzing, 22. 
Cannonading of Waterloo heard at Dover, 119. 
Canons of vibrating strings, 157. 

first, 160., second, 166., third, 171. 
how ascertained, 158. 
Carpets smother sound, 96. 
Cartilage a conductor of sound, 132. 
Cartilaginous fishes, their hearing apparatus, 136 ». 
Carts, noise of, 27. 
Cataconstic, p. 2 note* 
Catgut strings coUed with wire, 172. 

flat in diy weather, 170. 
thickest in the bass, 172. 
used as barometers, 170fi. 
Cattle, their acute hearing, 126. 
Cause of sound, p. 3^39. 

various, 19. 
Cave of Trophonius, 410. 
Caverns famous for echo, 438. 
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Cayatina, 230 n. 

Celestial bodies transmit no sound to onr earth, 79. 

Cellars buy sounds, 89. 

Cephalopeda, 585 n. 

Cha£Snch, merit of its song, 534. 

Chain-cable, its rattle heard nnder water, 116. 

telegraphs an enemy's moYement, 116. 
Chfun of bones in the ear, 575. 
Champagne, report of its cork, 60. 
Chanting, canse of, 488. 
Chapels, how their echo may be prevented, 492. 

how they should be constructed, 491. 
Chapped lips affect the Toice, 519. 
Character of sound, varies, 18. 
Charlemagne, 369 n. 
Chelonia, 537 n. 
Chesnut, its eicplosion when hot, 40. 

no explosion when the rind is slit, 41. 
Children, voice of, 512. 
Chinese monster drum, 281 n. 

use of bells, 259. 
gongs, 275. 
Chladni, 135ii. 

tables of, 155. 
Chords, 189—193. 

dominant, 197. 

major and minor ninths, 197 n. 

three major, 196. 
Church-bells audible at intervals, 88. 

when first used, 259. 
Church, best place for hearing in a, 107. 

echo of a, prevented, 492. 
Cicada, chirp of a, 553. 

hears, 562. 
Cider, report made by its cork, 60. 
Clarinet, 325. 

character of its sounds, 328. 

Gluck firit used it in an orchestra, 923. ! 
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Clarinet, how it produces sonnd, 326, 327. 

of different kejs, 329. 
Coblentz, echo of, 476. 
Cochlea of the ear, .588. 
Cock, its fundamental note, 530 r. 
Colladon and Sturm, 146. 

axioms o( on the conducting power of water, 117. 
Compound monosyllabic echo, 434. 456-*^68. 

polysyllabic echo, 435. 469—473. 
Concertina, 397. 

Concords and discords, 185. 188. 194. 
Conduction of sound, chap, iii, p, 73. 
Conductors of sound, IIQ. 
Congreve rockets, 32 n. 
Conservatoire des Arts, &c.,'echo of, 487. 
Consonants, 521. 
Constantin Copronyme, 369 n. 
Constantin Michel, 369 n. 
Contralto voice, its compass, 514. 
Conversation arrested by a thaw, 99. 
CoreUi, 206 n. 
Cork, report of a, 59, 60. 
Cormorants, larynx of, 526 n. 
Cornea, 57 5 n. 
Cotopaxi, volcano of, 127. 
Coughing, p. 331 note. 
Crab, its apparatus of hearing, 136 n. 
Crack of a whip, 39. 
Cracked bell, discordant, 265. 
Crackers, explosion of, 32. 

fabrication of, 32 n. 
Cracking in the ear, 580. 
Crackling of burning salt, 42. 
Crayfish, apparatus of hearing, 136 n. 
Cremona, 218. 
Cricket, chirp of a, 203.^555. 

hears, 562. 
Cricoid ring, 498. 
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Crocodile, Toice of a, 540. 
Crow, larynx of a, 527 n. 
Crustacea, 136 n. 585 n. 
Ctesibius, 369 ii. 
Cuckoo, larynx of a, 527 »• 

notes of a, 533. 
Cucullus, noise made by a, 552. 
Cup and saucer made to rattle by music, 1. 
Cymbals, 273. 

use of, in Borne, 18311. 
Cyzicus, 457n. 

echo of, 457. 
Dam, noise of &, not heard under water, 1 16. 
Dampers of a piano, 238, 
Dauprat, 342 n. 
Davy, 35 5 It. 

his account of the Bucca goblin, 355. 
Deaf man hearing through a cane, 122. ^ 
Death watch, 551. 
Delphi, 410 n. 

Dense media best for sound, p. 46—54. 
Dentals, 521. 
Detonating powder, 31. 
De Saussure, 77n. 
Diacoustic, p. 2 note. 
Diatonic scale, 162. 236 n. 
Discords, 185. 188. 194. 
Distance diminishes sound, 106. 

inaccessible, calculated by sound, 145. 
Divers hear sounds under water. 111. 
Diying-beU, sounds in a, intense, 80. 
Dog-call, 351. 

how it produces sound, 352. 

pea in a, 353. 
Dogs, their acute hearing, 131 
Dominant, 162. 

ehord, 197 ti. 

^ninths, 197 n. 
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Dominant 'Seventh, 197. 
Double-bass, 223. 225. 

flute, 297 
Drake, larynx of a, 526 n. 
quacking of a, 535. 
Drawing a cork, report made bj, 59, 60. 
Dbum, drums, 277. 

flat in damp weather, 283« 
how employed, 279. 

they engender sounds, 281. 
kettle, 278. 

largest in the world, 281 n. 
their use in a band, 280. 
three kinds of, 277. 
tuning a, 282. 
"Ward's improvements, 278. 
Drum of the ear, 566, 567. 
Duck, larynx of a, 527 n* 
Duvemoy, 342 n. 
Eagle, larynx of the, 527. 
Eajk, ears, chain of bones in the, 575< 
cochlea of the, 588. 
cracking in the, 580. 
folds of the, 569. 
humming in the, 579. 
inner, 584 — 589. 
labyrinth of the, 584. 
long, 570. 
middle, 574 — 583. 
ofbirds,592(3). 
fishes, 136, 592 (5). 
insects, 592 (7). 
mammalia^ 564. 
man, 692 (1). 
molluscs, 592 (6). 
reptUes, 592 (4). 
xoophites, 592 (8). 
out«r, 56k5 — 573. 
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Eab» ears, ringing in the, 581, 582. 

semicircular canals of the, 586. 
single audition with two, 591. 
smoking through the, 568. 
vestibule of the, 589. 
Ear-trumpet, 415. 
Earth transmits no sound to other planets, 79. 

vehicle of sound, p. 84; 
"ECBO, chap. viiL 279. 
at sea, 445, 446. 

becomes more and more feeble, 468. 
cause of, 428, 429. 455. 462. 
compound, 431. 456 — 473.' 

monosyllabic, 434. 456—468. 
polysyllabic, 435. 469 — 473. 
different species of, 430. 
elliptical, 480 — 488. 
employed to measure distances, 439. 
from several objects simultaneously, 440. 442. 
harmonic, 474—479. 
interval before an, 439. 441. 443. 
manner of reflexion, 427. 
prevented in lecture rooms, 492. 
resonance, 489 — 493. 
simple, 430. 437 — 455. 

monosyllabic, 432. 437 — 446. 
polysyllabic, 433. 447—455. 
velocity of an, 426. 
Egypt, its bombardment heard 130 nules, 119. 
Egyptian use of bells, 259. 
Elastic substances, sonorous, 73. 
Elder-stick whistle, 352 n. 
Ellipse, p. 12 note, 440 n. 
EixiPTJCAL Echo, chap. viiL sec. iv. 
illustrated, 481. 

of the Conservatoire des Arts, &c., 487. 
Baptistry of Pisa, 485. 
Gloucester Cathedral, 486. 

NN 
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Elliptical Echo, of the Hall of Secrets, 484. 
Pantheon (Pari8)» 487. 
St Alban's Chnrdi, 487. 
St Paul's whispering galleiy, 482. 
EndolTmph, 585 n. 
Eolophon, 594 n. 
Epiglottis, 500. 
Erard*s pianoforte, 179 n. 
Eostachiian tube, 577. 

its office, 57^ 
Evaporation enfbebles sound, 98. 
Explosion of chesnuts, 4a 
crackers, 32. 
fulminates^ 31.' 
gunpowder, 30. 72. 
External ear, 565—573. 
F, chord of, 196. 
Falcon, larynx of the, 527, 
Falsetto voice, compass of a, 511. 
Fiard (Abbe), 524 n. 
Fife, 297. 

Fifth (major), perfect chord, 190. 
File of soldiers marching, 139. 

their swing, 140. ' 
Fingers, whistling with the, 363 — 365. 
Fishes, air bladders of, 186 it. 
cartilaginous, 136 n, 
ears of, 592 (5). 
hear, 136. 
love miusic, 136.' 
osseous, 136n. 
startled at a gun, 136. 
their movement heard on shore, 19. 
voice of, 545. 
Fissure, tube fitted to a, to aid sound, 358. 
length proper, 357 n, 
wind howling through a, 356. 

pitch and tone of the howl, 357. 
Fist, whistling in the, 366, 367 n. 
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flageolet, 312, 

xmpaaaottk, 315 
now it is made to spei^E, 313, 314. 
Flats, 183. 
Flute, beak of a, 300. 

compass of a, 303. 
defects of a, 298. 
fdndamental note of a, 306. 
liarmonics of a, 306, 307. 
how to blow a, 299. 
low D on a, 309. 
lowest note of a, 306. 
Nicholson's instroctions &x the, 302. 
Octaye-, 297. 308.311. 
second octave how elicited, 304. 
third-, 308. 

third octaye how elicited, 305. 
timing a, 310. 

wetting the lips deprecated, 301. 
Fly, buzz of, 559. 

Focus, foci, of an dlipse, 440«. 481 n. 
Fog enfeebles sound, 98. 
Folds of the ear, use of the 569. 
Foot-keys of an organ, 390. 
Force of a blow affects sound, 82. 

of the Toioe, 508. 
Foster (Lieut), 84. 
Fourth (minor) perfect chord, 19 L 
Franklin (Dr.), 11 3 n. 

his experiments under water, 113. 
Fbenoh-HOHK, 336. 342. 

hand placed in the pavilion, 343. 
how made to speak, 336, 337. 
key o^ how changed, 845. 
mouth of, 341. 
pitch and compass, 342 m. 

how regulated, 60. 
shape o( 340. 

Nxr2 
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French method of exciting a tuning-fork, 257. 

Frog, voice of a, 538. 

Frost augments sound, 82. 

Frozen regions good for sound, 83, 84. 

Fulminates, 31. 

Fundamental note, 162. 

Funnel of the ear, 565. 

uses of the, 572* 
Furnace, roar of a, 45. . 

character differs, 46. 
less when the door is open, 47. 
Gamut, actual yihrations of each note in the, 178. 
Gas burner, its report when lighted, 61. 
Gassendi (Peter), 471 n. 
Gavinies, 206 n. 
Gay Lussac, 78 n. 

experiment of, in the qnaxries of Parian 153. 
Gecko, 541 n. 
GenicMOf 275, n. 
Giles (St), 524 n. 

Ginger beer bottle, ncaBe made by the cork, 60. 
Girgenti, echo of, 454. 
Glottis, 498. 

Gloucester Cathedral, echo of, 486. 
Gluck, 328 n. 

first used trombones in an orchestra, S46. 
Gnat, buzz of a, 560. 

pitch of the buzz, 203. 
larynx of a, 527 n. 
Goldfinch, merit of its song, 534. 
Gongs, 274. 

how excited, 274. 

metal of, 276 n. 

sonorous power of, 276. 

use in China, 274. 
Goose, larynx of a, 527 n. 

of a hautboy, 333. 
Ck«hawk, larynx of a, 527 n. 
Grasshopper, chirp of a, 554* 
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GrasBhopper, pitch of its chirp, 208. 

hears, 562. 
Great Tom of Oxford, 259 n. 
Grecian use of bells, 259. 
Greenfinch, merit of its song, 534. 
Grottoes famous for echo, 438. 
GuiTAB, 230. 

construction of a, 282. 
strings of sl, 230. 
struck by the fingers, 231. 
toning a, 168. 
Gnitarists shift their fingers on the neck, &c^ 164. 
Gnn, report of a, 54. 

loader when the gmi bunts, 55. 
GuNPowDBB, action of its explorion, 30 ft. 

fabricati(»i of^ 30 n. 

noise of its eaq>loaion, 30. 

loader than of a chemnt, 72. 

roll of its roar, 30. 
Gottnrals, 521. 
Haerlem, organ oi^ 369 n. 
Hail enfeebles sound, 98. 
Haur smothers sound, 95. 
Hall of Secrets, its echo, 484. 
Hammer of the ear, 575. 
Hand-saw, its grating noise, 26. 
Harbour, breadth of a, calcnLited by aoand, 14& 
Hare, ears of a, 570. ^ 

Harles, larynx o^ 536 «. 
Ha&honiga, 266. 

action of friction on the, 269. 

cheap, 270. 

excitation of the, 267. 

how to make the glaases dpesk, 272 
^ how to select the glasses, 271. 

invented by FranJdin, 266. 

movement of the finger on the, 268. 
Habmonic Eoho, chap, viii sec iii. 
VV 9 
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Habmomio Echo, canto of the, 475. 
Coblentz, 476. 
EiUaniej, 478. 
Paisley, 477. 
Bosneath, 479. 
Harmonicon, 393. 
Hannonics, 296. 

of a flute, 306, 307. 
of a pan-pipe, 294. 
Hfumomcnm, 394, n. . 
Harmoniphon, 394. 
Harmoniom, 246. 
Habf, 228. 

music for the, in two parts, 229. 
number of its strings, 228. 
strings differ in length, 164. 
struck hj the fingers, 8. 
tuning a, 168. 
HaUTBOT, 330. 

compass of the, 331. 
goose of the, 333. 
mouthpiece of the, 332. 
Haze of a vibrating string or reyolying wheel, 16. 
Hazelnut whistle, 354. 
Head-Yoice, 511. 
Health affects the voice, 519. 
Hbabino bj means of a stick, 122. 135. 
jug, 135. 
packthread, 134» 
the chest, 134. 
skullbone, 135. 
teeth, 134. 
throat, 134. 
of fishes, 136.592.(5.) 
insects, 592 (7.). 
mammalia, 564. 
man, 592 (1.). 
molluscs, 592 (6.). 
reptiles, 592 (4.). 
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Insects, Boimds prodnced bj, 546-^^1. . 

Insdrnmeiits of music, see musictU, 

Intensity of sound, see lauAiess, 

Interfering sounds, 101 — 103. 

Intoning, cause o^ 488. 

Introduction, p. 2. 

Iron compared with air as a medium of sound, 150^->152. 

Jay, kuynx of the, 527 n. 

Jerome (St.), 369 n. 

Jews' harp, 247. 

how it produces sound, 248. 
Kettle-drums, 278, 279. 
Key-boards of an organ, 388, 389. 
Key-hole, wind whining through a, 356. 

tone and pitch of tlie sound, 357. 

tube fitted to aid the sound, 358. 
Key-note, 162. 

of birds, 530. 
Key whistle, 291. 

Keyed instruments, their pitch Kegulated, 69. 
Keys of an organ, 387. 
Kingfisher, la^x of the, 527 x. 
Killamey, echo of, 478. 
Kircher, 414 it. 

his speaking-trumpet, 414. 
Kit, 216. 
Klotz,218n. 
LabiaJs, 521. 
Labial whistle, 359, 360. 

compass of the, 361. 
rationale of the, 360, 361 n. 
Labyrmth of the ear, 584. 
Laennic (Dr.), 416 n. 
Lago del Lupo, echo of the, 449, 
Lake, breadth of a, calculated by sound, 245. 
Lamelles, 42 n. 
Languet, 382. 
Lark, laiynx of, 527 n. 



ALPHABETICAL INDEX. 417 



Lark, merit of its song, 533, 534. 
Larynx (human), 495. 
its floor, 498. 
ofbird8,526, 527. 
Leaf of plants made to speak, 319 — 323. 
Lcctnre-rooms, their proper construction, 491, 492. 
Leek made to speak, 322. 
Lightning, distance of calculated by the poise, 141 n. 

precedes thunder, 141. 
Lingnals, 521. 
Linnet, larynx of the, 527 n. 

merit of its song, 533, 534. 
lion, roar of a, 505. 
Lip-wMstle, see Labial 
Lips (chapped) affect the voice, 519. 
Lizard, larynx and voice of the, 641. ^ 

Loach, voice of the, 545. 
Lobster, its apparatus of hearing, 136 n. 
Locust, noise made by the, 556. 
Loose strings are flat, 167. 
LouDNBSS of sound, p. 43. 

has no influence on the speed of sound, 143. 
proportioned to the absence of obstacles, p. 60* 
density of medium, p. 46. 
force of the shock, p. 44. 
proximity of the auditor, 

p. 65. 
uniformity of medium, 
p. 46. 
Lucifer matches, fabrication of, 32.V 

sound of detonating, 32. 
Lungs, 495, 496. 
Lurleyfels, echo of,°459. 
Lussac (Gay), 78. ' 

experiment in the Paris quarries, 153. 
Major chords (the three), 196 n. 
fifth, 190. 
ninth, <1 9 7 ft. 



418 ALPHABETICAL IITDEZ. 



Mammaliii, 494 n. 

ear of^ 564. 
voice o( 494 — 524. 
Man, his apparatos of hearing, 564—591. 

his Yocal apparatus, 494 — 524. 
Martmean (Miss), her deafiiess, 78 n, 
Meatos of tlie ear, 565. 

its nses, 572. 
Hediaat, 162. 
Medium of sound, 13 — 19. 
Membrana tympani, 566 n. 
Menai bridge, echo of the, 460. 
Metal strings flat in hot weather, 170. 

sharp in frost, 170. 
Metallic tongues or reeds, canons oi^ 242. 
Metallo di voce, 108 n. 
Mettelli, echo o^ 471. 
Middle ear, 574 — 583. 
Mines of Cornwall, echo of tiid, 154. 
Minor chord, 196 it. 
^ fourth, 191. 
ninth, 197 n. 
Missouri, cataract of, 127. 
Mist of a vibrating string or revolving wheel, 16. 
Moaning of wind prior to rain, 53. 
Mocking-birds, 536. 
Molluscs, ear of, 592 (6.). 
Monochord, 158. 

MoNOSTLLABic ECHO (oompound), 456. 
cause of the, 462. 
interval between each, 464, 466. 
of Cyzicus, 457. 
Lurlejfels, 459. 
Menai bridge, 460. 
Simonetti, 461. 
Thomby, 458. 
Verdun, 465. 
(simple), 432, 437 — ^46. 
at sea, 445, 446. 
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MoHOSTLUjno Echo (simple), conftued, 444. 

from sereral objects sunnltaneoasly, 

442. 440. 444. 

interval beibre'heard, 439. 441. 443. 
measure of distance, 439. 
Motion, the cause of soand, 1—18. 
Mount Blanc, sound on, 77. 
Mountains, height of calculated hy sound, I4li, 
obsSmct sound, 100. 
quiet, 76. 
Mouth, its influence on the voice, 495. 
of a flageolet, p. 31 note, 
of an organ-pipe, 374. 
Mouth-organ, 294. 
MOUTH-FIFBS, p. 245. 

ears of metal, 380. 
loudness regulated, 375. 
metal, 379. 
pitch of, 376. 
tone of, 378. 
tuning metal, 380. 
wooden, 374. 
Murmur of a humming-top, 51. 

varies in tone, 52. 
Muschembrock, 414 n. 

his rules for speaking-trumpets, 414 
Music played in concert, 143. 
Musical glasses (see Harmomcd), 266 — 272. 
firsTKUMEinrs, chap. vi. pt. i. and it 

breath, open at one end, 290 — ^296. 

open at both ends, 297^310. 
brass, 339—^7. 
of percussion, 252—285. 
stringed, played with a bow, 206 — 227. 

struck with the fingers, 228—230. 
struck with hammers, 233 — 240. 
tuned twice in a concert, 169. 
wind, 286—400. 



420 ALPHABETICAL INDEX. 



Musical Instrnmeiits, wind, with beak and moath, 312- 

315. bellows, 368— 40a 

cop mouth-piece, 336, 337. 

elastic membranes, 277 — 284. 

metallic tongues, 242 — 249. 

reeds, 317—334. 
vibrating, 22. 
Musical snuff-box, 245. 

its diminutive size, 244. 
placed on a table, 246. 
Musical sounds compared to dots, 186. 
Musicians represented by artists^ 510. 

seats for, 424. 
Mute or sourdine, 220. 
Nancj, echo of, 453. 
Nervures, 555 n. 
Nettle made to speak, 323. 
Niagara falls, 127. 

Nicholson's instrument for the flute, 302. 
Night favourable to sound, 85. 87. 

NlQHTINOALS, 532. 

its fundamental note, 530 n, 

larynx, 527 n. 
merit of its song, 534. 
Ninths (major and minor), 197 n. 
Nodal points, 295, 296. 306. 
NoUet(Abbe), lUn. 

his experiments on water, 111. 
North-west passage, 84 n. 
Nose, its influence on the voice, 495. 
Notes of a scale, their names, 162. 

their positive vibrations, 178, 179. 
their relative vibrations, 163. 
Numerical value of sound vibrations p. 105. 
Octaves from perfect chords, 189. 
Octave-flutes, 297. 308. 

pitch of, 311. , 

Old people, voice of, 507. 
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Ophidia, 537 n. 
Oracles of the ancients, 410. 
Orbiculax of the ear, 575. 
Orchestra, construction of an, in Italy, 423. 
Orchestrina, 393. 

Organ, character of its music, 368. 
construction of an, 370. 
flat in frost, 391. 
foot-keys, 390. 
Haerlem great, 369 n. 
introduction into churches, 369. 
into Europe, 369. 
invention of the, 369. 
key-boards of the, 388, 389. 
largest in London, 369 n. 
pipes, see Organ-pipes^ 
Seville grand, 369 n. 
sharp in summer, 391. 
size of the, 371. 
stops of the, 385. 387. 
Organ-pipes, material of, all important, 219, 
mouth, 374 — 380. 
pitch of regulated, 66. 
reed, 381—384. 
relative lengths of, 161. 
Orinoco, Humboldt's observations on the, 86. 
Os hyoid, 506 n. 

Osseous fishes, their hearing apparatus, 136 n 
Outer ear, 565—573. 
Owl, fundamental note of the, 530 n. 

larynx of the 527 n. 
Oysters, their apparatus of hearing, 136 n. 
Paddles produce little noise under water, 116. 
Paisley, echo of, 477. 
Pan, 290. 
Pan-pipb, 290. 

harmonics of each reed, 293, 294. 
how made to speak, 291, 292. 
O 
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FAH-FiPBy'nodal points of a» 295, 296. 
Pantheon (FarisX its echo, 487. 
Paper made to speak, 318. 
Pany, (Sir Edward), 84. 

at Port Bowen, 99. 
Partition wallfi^ hints for, 91—^5. 
Parrot, 668 n. 

larynx of the, 527 n. 
Paste-board for partition walls, 94. 
Peadi-stone wUstle, 350 n. 
Pedals of a harp, 228. 

of a piano-forte, 239. 

their action, 240. 
Peg-top, humming of % 24. 
Pen, cry of a, 9. 

Pen-and-pencil case, report of a, 56. 
Percussion, instruments of, 252 — ^285. 
subdiyision of, 251. 

those with elastic membranes, 277 — ^285. 
those which ring, 252 — 276. 
Perilymph, 585 n. 
Perroquet, larynx of the, 527 n. 
Pharynx, 668 n. 
Phonic point, 470 n. 

PlANO-FORTB, 233. 

beUyofa,234ii. 
compass of a, 236. 
dampers of a, 238. 
flat in a concert room, 169. - 

in hot weather, 170. 
grand, 239 n. 
how stmck, 234. 

tuned, 168. 
introduction of the, into England, 283. 
inventor of the, 233. 
pedals of the, 239. 

action of the fork pedal, 240. 
action of the soft pedal, 239. 
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FiANO-FORTB, sharp in frost, 170. 

strings difier, 164. 235. 
sonnding-board of the, 237. 
Ke, larynx of the, 527 n. 
Pig, grant of the, 506. 
Pisa Baptistxy, echo of, 485. 
Pistol, report of a, on Mount Blanc, 77. 
Pitch A, 176. 

has no influence on the rate of sound, 143. 
of birds, 530. 

French-horns, 68. 
human voices, 509. 
keyed instruments, 69. 
organ-pipes, 66. 
Sound, p. 40. 
trombones, 67. 
wind-instruments, 65. 
Pith-balls made to oscillate by music, 11« 
Poker and string experiment, 123. 
PoLTSTLLABic EcHO, (compound), 469. 
Andersbach, 470. 
cause of the, 472. 
Mettelli, 471. 

number of its repetitions, 473. 
(simple), 447. 

cause of the, 455. 
Girgenti, 454. 
Lago del Xupo, 449. 
Nancy, 453. 
Selbome, 448. 
Shipley, 451. 
Westminster bridge, 452. 
Woodstock, 450. 
Pop-gun, report of a, 58. 
Powder, see detonaiifig,fyhninatmgy gunpowder. 
Practical acoustics, p. 261. 
Pngnani, 206 n. 
Fonto^ 342 n. 

CO 2 
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Ptolemy proyed the musical intervals, 158 ft. 
Pythagoras inyented the monochord, 158 n. 
Quality, qualities, of sound, p. 40. 

rate of motion unafiected thereby, 143. 
Quarries of Paris, sounds in the, 153. 
Queue of a yiolin, 21 1. 
Quill, cry of a, 9. 
Babbit, ears of a« 570. 
Baffles (Sir S.X 119 ft. 
Bain 'enfeebles sound, 98. 
Battle explained, 25. 

of a snake, 544. 
Battle-sn^e, 544. 
Battling of carts, 27. 

'of windows, 5. 
Baven, 536. 

Beceiver and bladder experim^t, 57. 
Beciprocal vibrations, 240 tu 
Bebd-instbuments, p. 208. 
Bbed-pifbs, 381 — 384. 

construction of, 382. 
Beeds, metallic, canons of, 242. 

of reed-pipes, their action, 317* 
Besonance, p. 313. 

of the voice, 502. 
shows the wisdom of Grod, 493. 
Bepeater, 249. 

its inventor, 249. 
Beport of a bodkin-sheath, 57. 
chesnut, 40. 
cork, 59,60. 
gun, 54, 55. 

pen-and-pencil case, 56. 
pop-guD, 58. 
stone from the fire, 43. 
from a volcano, 28. 
BeptUes, 537—544. 

ear of, 592 (4). 
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Besi^ratioii, its noise heard, 133. 
Bmging in the ear, 681, 582. 
Roar of a famace, 45. 

character thereof, 46. 
diminished by opening the door, 47. 
Robin, merit of its song, 634. 
Robinson (Pro£), 114 n. 

his experiments nnder water, 114. 
Rocks obstroct sound, 100. 
Roman use of bells, 259. 

cymbals, 275 n, 
Rosamond, 450 ft. 
Rosneath, echo of, 479. 
Ross (Capt), 84. 
Sacbnt, 346. 

Saint Alban's Cathedral, echo of, 487. 
Fanl's whisperhig galleiy, 482. 
Salvador's marriage peal, 446. 
Salt, crackling of burning, 42. 
Sand agitated by music, 2. 
Sapajou, 506 n. 
Sawria, 537 n. 
Sanssnre, 77 n. 

Savage listening at the ground, 128. 
Savart, 173 n, 

apparatus for trying sounds, 174. 
snonochord of, 158 n. 
violin of, 22 7f 
Saw, noise of a, 26. 
Saw-dust non-conduetor of soond, 95. 
Scale of C, 179. 

with the names of its notes, 162. 
Scratched beiun, 121. 
Sea, echo at, 445, 446. 
Sea-water, rate of sound through, 148. 
Seats made to tremble by music, 4. 

of an orchestra, 424. 
Seconds are discordant sounds, 195. 
GO 3 
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Belborne, echo of, 448. 
Sensation of sound, 15. 
Sensorium, 589 n. 
Sentinel at Windsor, 130. 
Seraphine, 394 f». 
Serenade, 230 n. 
Serpent hissing of a, 543. 

pitch of the noise, 203. 
Sevenths make discords, 195. 
Seville, great organ of, 369 n. 
Shadows enfeeble sounds 98* 
Sharps, 183. 

Shavings non-conductors of sound, 95. 
Sheath, report made bj a, 56. 
Shifting the fingers on a vioUn, &c, 164. 
Ship at sea, its distance calculated bj sound, 145. 
Shiplej, echo of, 451. 
Side-drum, 277 n. 
Simonetti, echo of, 461. 
SiMPLB Echo, 430. 437 — 455. 

(monosyllabic), 432. 437 — 446. 

at sea, 445, 446. 

confused, 444. 

distances measured bj 439. 

from several objects at once, 440. 442. 
444. 

interval before it occurs, 439. 441. 443. 
(polysyllabic), 433. 447. 455. 

cause of it, 455. 

examples, 450—454. 
See pobfsyUabic, 
Singing healthy after digestion, 522. 
Singing birds, see birds. 
Singing of a tea-kettle, 48. 

ceases when tlie water boils, 49. 
recommences when the Water cools, 50. 
Single audition, 591. 
Siren, 203 n. 537 n. , 
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Sixths form imperfect chords, 192. 
Sky-lark, merit of its song, 533, 534. 
rockets, fabrication of, 32 n. 

sound produced by, 32. 
Sluice, water rushing through a, not heard in water, 116. 
Smoking through the ear, 568. 
Sneezing, p. 331, note* 
Snow, f^sh fellen, absorbs sound, 96. 98. 
Snuff-box (musical), 245. 

diminutive size of a» 244. 
placed on a table, 246. 
Snuffers made to rattle bj music, 1. 
Soda-water bottle, report of the cork, 60. 
Soldiers marching do not step together, 139. 

their swing, 140. 
Solid substances conduct sound, p. 80. 

velocity of sound through, pp. 100. 155, ~j 
Sonometer, 156» 

Sonorosity, on what it depends, 73, 74. 
Soprano voice, its compass, 514. 
Soul of a violin, 213. 

SocHD, sounds, can be elicited from all substances, 17. 
cause of^ 1 — 61. 
character of, 18. 
direction of distinguished, 587. 
effect of motion, 1—12. 
enfeebled in a balloon, 78. J^ "• 

by clouds, 98. 
distance, 106» 

fog, 98. : 

hail, 98. 
hills, loa 
houses, 98. 
^ mountains, 76, 77. 

rain, 98. 
rocks, 100* 
. ' shadows, 98. 

■now, 99. 
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SouMD, sounds, enfeebted by spreading, 104, 106. 
thaw, 98. 
walls, 100. 
increased by night, 85—87. 
in a diving-bell, 80. 
in a frost, 82. 

in the polar regions, 83, 84. ; 
in a valley, 81. 
heard at enormous distances, 119. 127. 
interfering, 101—103. 
loudness, p. 43 — 68. 
motion of, vibratory, 8—12. 
pitch, p. 40. 
progressive, 137. 
rays of, which combine, 28 ». 
qualities of, p. 40. 
refleOtors o^ 421. 

requires an elastic medium, 13 — 19. 
sensation of, 15. 
* continues, 210. 

silencing, 102, 103. 
roiead in concentric circles, 21. 
from room to room, 90. 
prevented, 91 — 96. 
transmission of, by water, p. 73. 
used to measure distances, 145. 
velocity o^ p. 91—104. 
vocal, 501. 
want a medium, 13. 
Sound-waves actual size of, 198—203. 
largest, 201. 
smallest, 202, 
their nature, 14. 

SoUNDINQ-BOABDe, 418-424. 

of musical mstruments, 420. 
of a pianoforte, 437. 
of orchestras and lecture rooms, 422. 
Sourdine or mute, 220. 
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Sparrow, larynx of a, 527 n. 

merit of its song, 534. 
Sparrow-hawk, larynx of a, 527 n. 
Speaking, 520, 52K 

alottd, healthy after digestion, 522. 
images of the dark ages, 410. 

SPBAXINChTBUMPBT, 411. 

Kircher's, 414. 
Muschembrock's roles, 414. 
rationale of a, 412, 4ia 
Sfbakino-tubbs, 403. 

" theory of, 404, 405. 
Spring rattle, its sound, 25. 
Square number, 105 n. 
Stags, ears of; 570. 
Stapes of the ear, 575. 
Starling, larynx of a, 527 «. 
Steam boiler, report of an exploding, 55 n. 
Steel-wire struck produces sound, 9. 
Steiner, 218 n. 
Stethoscope, 416, 417. 
Stirrup of the ear, 575. 
Stone bursting from the fire, its report, 28. 
hurled from a volcano, its report, 43, 
Stops of an organ, 385. 

Storm, distance of a, calculated by the pulse, 145. 
Stradwarius, 218 n. 
Straw a non-conductor of sound, 95. 
Street sounds injure houses, 6. 
Stretched strings, canons of the, 160 — 171. 
String and poker experiment, 123. 
watch experiment, 124. 
String scratched, 124. 
Stbings (musical) coiled with wire, 17^. 

loudness of, depends on their swing, 71. 
made sharper or flatter, 167. 
of a harp and piano vary in length, 164. 
pitch of, how affected, 64. 
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Strikgb, pitch of, regulated, 159/ 
i^tiye lengths of, 161. 
size o^ yaries, 172. 
8ee Caigutj Bass, Metal, Trelfle, &e. 
Stnrm and Cdladon, their experiioents, 146. 
8nb-dominant, 162. 
Sab-tonic, 162. 

Subsidence of houses detected hj dogs, 131. 
Snnmuny of the hearing apparatns of animals, 592. 
Super-dominant, 162. 
Saper-tonic, 162. 
Swallow, laiynx of a» 527 n. 
Swan, larynx of a, 527 n. 
Syrinx, 290 n. 
Table showing the 

actual Tibrations of each musical note, 182. 
merit of the song of each British bird, 534. , 
names of each note in a gamut, 162. 
relatiye length of each string in a gamut, 161. 

number of yibrations made by each note, 
182. 
velocity of sound through different solids, 155. 
Table of harmony, 174i». 
Tambourine, 284. 

called the ** tinkling cyi^bal^'* 285. 
Tartine, 206 ». 
Taylor (Dr.), 157. 

his canons for the stretched string, 157. 
Tea-kettle, singing of a, 48. 

ceases when the water boils, 49. 
recommences when the water cools, 50. 
Teeth affect the voice, 519. 

. whistling through the, 362. 
Tenor or viola, 221. 
Tenor voice, its compass, 514. 
Termite, sounds made by the, 550. 
Thaw enfeebles sound, 9S, 99. 
Theatre, best place for hearing in a, 107. 
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Third-flutes, 308. 
Thirds imperfect chords, 193. 
Throat, its influence on the voice, 495. 
Thomby, echo of, 458. 
. Thrush, fundamental note of the, 530 n. 
larynx of the, 527 n, 
merit of its song, 534. 
THumDBB, effected by echo, 37 
peal of, 33. 

roll of the peal, 35, 36. 
roar of the peal, 36. 
shakes the earth, 7. 
Thyroid cartilage, 498. 
Tight strings sharper than loose ones, 167. 
TiMBBS, p. 68. 

affected by disease, 519. 
cause and utility of, 109. 
of the voice, 517. 
of women's voice, 518. 
Tidark, merit of its song, 534. 
Toads, croaking of, 538. 
Tompion of an organ pipe, 374. 
Tomtit, larynx of a, 527 n. 
Tone, character of j?, 68. 

unit of, 181. 
Tongues (metallicX 242. 
Tonic note, 162. 
Top, hunmiing of a humming-, 51. 

peg-, 24. 
Tortoise, larynx and voice of a, 542. 
Tow a non-conductor of sound, 95. 
Trachea, 496. 

Transmission of sound by solids, p. 80. 
by water, p. 74. 
Treble voice, compass of a, 614. 
Triangle, 273. 
Tbombone, 346. 

compass of the, 348 it 
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Tbombons, Glnck first employed it, 347. 
pitch of a, regalated, 67. 
three different sorts of, 349 
Trophonios, caye of; 410 n. 
Trout, voice of a, 545. 
Tbitmpet, 335 — 339. 

character of a, 33d. 
employed in pairs, 339 it. 
how made to spe^ 337. 

they produce sound, 336. 
mouth of a, 341. 
shape of a, 340. 
Tnhe, proportion between its length and pitch, 358 it. 
Tubes of communication, 403. 

rationale o^ 404, 405. 
Tumbora, its eruption, 119. 
Tuning a dram, 278. 282. 
harp, 168. 
tuning-fork, 258. 
violin, 16511. 
Tdniko-fosk, a, its vibrations, 176. 

French method of exciting, 257. 
how it produces sound, 253. 
placed on a table of harmony, 256. 
prongs, 254. 

rendered mute, 102^ 103. 
tuning a, 258. 
vibration of a, felt, 10. 
Tuning spring of an organ-pipe, 382. 
Turkey, larynx of a, 526 n. 
Twinkling of the stars, 1 03. 
Tympanum of the ear, 566, 567. 
Unisons the most perfect of all chords, 187. 
Unit tone, 181. 
Valleys noisy, 81. 
Vehicles of sound, 13. 
Velocity of sound, p. 9 1 . 
table of, p. 104. 
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Velocity through air, p. 91. 

solids, p. 100. 
water, p. 98. 
Ventricles of the larynx, 499. 
Ventriloquism, 523. 

St. Giles practised it, 624 n. 
witch of Endor, 524 n. 
Verdun, echo o^ 465. 
Vesicle, 48 n. 

Vestibule of the ear, 585. 589. 
Vibrations (actual) of each musical note, 182. 
(positive), 179. 
(relative), 1631 
reciprocal, 240 n. 
Viola, 221. 
Violin, violins, 206. 
Amati, 218. 

become too sharp in a concert room, 169. 
DOW of, rosined, 209. 
bridge of a, 212. 
cheap, 227. 
compass of a, 223. 
Cremona, 218. 
described, 207. 
flat in dry weather, 169. 
Klotz, 218. 
mute of a, 220. 
older the better, 218. 
played with a bow, 208. 
queue of a, 211. 
remarks on the, 226. 
Savart's proposed improrements, 227. 
shape of the, 215. 
sourdine of a, 220. 
soul of the, 213. 
Steiner's, 218. 

strings of a, their names, 221. 
the whole aids the sounds, 214. 
P P 
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Violin, toning a. 165 n. 

wood of the, important, 217. 
Violinist shifts his fingers on the neck, &;c., 165. 
Violoncello, 222. 

hecomes sharp in a concert room, 169. 
compass of a, 224. 
five strings originally, 222. 
inrentor of the, 222. 
name of its strings, 224. 
player shifts his fingers, &c., 165. 
tuning, 168. 
Viotti, 206 ft. 
Vitruvius, 369 n. 

Vocal apparatus of man, 495. ,' 

resembles an organ-pipe, 501 n. 
sounds, how produced, 501. 
Vocal cords, 498. ; 

Voice (human), 318. 

affected by disease, 519. 

ass and hurleur, 506. 

birds, 525—536. 

breaks in boys, 512. 

children's, 512. 

classified, 514. 

effected by the Adam's apple, 505. 

falsetto, 511. 

feeble after a full meal, 504. 

fishes have a, 545. 

force of the, 503. 

girls*, never breaks, 513. 

infant's, 505 n. 

obeys the will, 508. 

old men's, 507. 

pitch of the, 509. 

tone of the, 517. 

women's, 512. 

tone o^ 518. 
Volcanic eruptions announced by cattle, 126. 
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Vowels, 521. 

Vultures, laiynx of, 527 n. 

Waist of a yiolin, its use, 215. 

Wall, walls, a tube of communication, 406, 407. 

obstruct sound, 100. 
Watch and string experiment, 124. 
Water agitated by music, 3. 

sound spreads horizontally in, 118. 
transmits sound with yeiy litUe loss, 117. 
yehicle of sound, p. 74. 
Telocity of sound in, p. 98. 
Waterloo, cannonading at, heard at Dover, 119. 
Wax in the ear, 582. 
Well, wells, famous for echo, 438. 
of Carisbrook castle, 408. 
speaking over the mouth of a, 409. 
Westminster bridge, echo of, 452, 
Wetting the lips bad for a flutist, 301. 
Whale, larynx of a, 494 n. 
YHieat-straw made to speak, 321. 
Wheels, noise ot; in a street, 27. 
Whip, noise made by a, 39. 
Whispering gallery of St Paul's, 482. 
Whistle, ch. vl pt. ii. sec. iv. 
bird-call, 349. 
dog-call, 351. 

pea in a, 353. 
elder-tube, 352 n. 
hazel-nut, 354. 
peach stone, 350 n. 
Whistumo through the fingers, 363. 365 
fist, 366, 367 ft. 
key-hole, 356. 
mouth and lips, 359. 
teeth, 362. 
Whistling of the wind, 53. 355. 
White (G.), 448 «. 
White ant, tickmg of the, 550. 
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Whizzing of a flate, 301. 

of projectiles, 28. 
Wind, influence of the, on sound waves, 144. 
moaning and howling of the, 53. 
whistling of the, 355. 

superstition connected with the, 355. 

WniD-INSTRUMENTB, p. 188. 

air the sounding hody in, 287. 
become too sharp in a concert room, 169. 
brass, 339—347. 

material thereof affects the tone, 288. 
pitch of, altered, 65. 
species, 289. 

with a beak and month, 312 — 315. 
bellows, 368—384. 
reed-beaks, 317 — 334. 

simple mouth-hole and closed at one end, 
290—296. 

open at both ends, 297 — 310. 
See the name of the instrument sought. 
Windpipe, 496. 
Windows rattle when carts pass, 5. 

injure houses, 6. 
Windsor sentinel, 130. 
Witch of Endor, 524 n. 
Woman's voice, 612. 

never breaks, 513. ^ 

Woodlark, fundamental note of the, 530 fi. 

merit of its song, 534. 
Woodstock, echo of, 450. 
Wool a non-conductor of sonnd, 95. 
Wren, merit of its song, 534. 
Zoophytes, ear of, 592 (8.). 

THE END. 
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